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EXPERIMENTS IN THE PRESERVATIVE TREATMENT 
OF RED-OAK AND HARD-MAPLE CROSSTIES. 



PUKPOSE AHD SCOPE OF EZPEBIMEITTS. 

A great deal has been written upon the durability of railway ties 
treated by the various preservative processes, but there is little 
available infonuation concerning ties treated by different proceeses 
and laid in one track, where the treatments could be compared. 
Though for some years the Forest Service has cooperated with rail- 
way companies in tests on experimental ties in actual service,' these 
ties were all treated in commercial plants in the regular course of 
operation, and it was not feasible in the case of any one test to treat 
ties by each of the types of processes in common use. 

Immediately after the establishment of the Forest Products Lab- 
oratory at Madison, Wis., however, and through the cooperation of 
the Chicago, Milwaukee & St. Paul Railway Co,,' a test track was 
established in which were placed ties of several species treated by a 
comparatively large number of representative processes. In carrying 
out this work the Forest Service gathered data concerning the con- 
dition and behavior of each individual tie, both before and after 
treatment, and of each cylinder chaise as a whole during the actual 
treating. This was done not only to secure complete records for use 
in the durability tests of the ties in the track, but also to furnish 
information on the operation of the various processes used and, if 
possible, on some of the fundamental properties of wood which affect 
its treatment. 

Part I of this bulletin describes the treatment of the ties and dis- 
cusses the data of immediate value obtained during the application 
of the preservatives. Part II contains a description of the laying of 
the test track and tabulated records essential for an analysis of the 
durability data which will be obtained in future inspections. 

THE TIES. 

The species selected for the experimental ties were red oak and hard 
maple. On account of the limited capacity of the cylinder in which 

I Bw Forest Service Circular SOS, Pro{Rs Repoit ot Service Tests ol Tlei, by H. F. Weiaa and C. P. 

'Bj tbt taimi Df cooperaUou Itie raUioad compaoj' lumisbed and laid the tlaa and paid the Forest Servla 
tn UDOODt iiiffldcBt la cover the cost of the pieMrvativea nscd. 



10 PRESERVATIVE ^REAthiENT OF CROSSTJeS. 

the experimental treatments were made it was necessary to limit the 
total. number of ties treated to the smallest consistent with reliable 
average results and, consequently, to limit the number of species. 
Red oak is a ring-porous wood and maple- a diffuse-porous wood. 
In red oak the pores or vessels of the early wood of each annual ring 
are large and numerous, while in the later growth they are small and 
more scattered ; in hard maple the pores are small and distributed 
uniformly throughout each year's growth. This difference in struc- 
ture is well shown by the magnified cross sections in Plates I and II. 
Red oak is more commonly cut and treated for ties than any other 
ring-porous wood. Hard maple is not so extensively treated, but 
represents well a group the various species of which can be satisfac- 
torily treated and utilized for crossties.' 

The ties used in the experiments were ordinary stock of the Chicago, 
Milwaukee & St. Paul Railway Co. Of the red-oak ties, 225 were 
obtained from southern Illinois and 100 from southwestern Wiscon- 
sin; the former had seasoned two months and the latter six months 
prior to their shipment to the laboratory. The origin and time of 
cutting of the remaining red-oak ties which were treated could not 
be ascertained. Those placed in the track untreated were cut in the 
vicinity of the Tennessee River 10 months before being laid. Ail the 
hard-maple ties were from northeastern Wisconsin; those subse- 
quently treated were cut from 6 to 18 months before their arrival at 
the laboratory, and those laid in the track untreated were cut just 
before shipment. The latter were seasoned in open piles (at the 
laboratory) from the beginning of April to the middle of August. 

No unsound or badly checked ties were used in the experiments. 
A number of oaks commercially known as red oak were doubtless 
included, as no attempt was made to separate Quercus rubra from 
other very similar species. All bark was carefully removed from the 
selected ties, which were then piled for seasoning. 

The 8 by 2' form of pile modified by placing nine ties in the two 
upper courses was used. The method of piling the ties for seasoning 
is shown in Plate III (fig. 1). 

The ties used in the treatments were received during the summer 
and fall of 1910.' The first treatments were made in October, 1910, 
and the last in May, 1911. 

The nominal size of the ties was 6 by 8 inches by 8 feet. Most of 
them were hewn on two sides, but a number were sawed on three 
and in some cases on all four faces. 

1 It was Qist iDUnded Muse beech ties, but th« maple ties were mora euUy procuied uiit the specie: 
was «>iisld««d aa good B lepruenlstlre of tbe dJ^se-poraus wooda. 
tCoursesofeiglil tleseacb with two ties between the couraes. 
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PLAN OP TREAtMENTS. H 

tHE FBESEBVATIVE FBOCESSES. 

The preservatiye processes employed included at least one from 
each general type of pressure process in common use, in accordance 
with the foUowing classification: 

CD Full-cell processes, using comparatively large amounts of 
creosote, 

(2) So-called empty-cell processes, using small amounts of creosote, 
presumably well distributed in the treated portions of the wood. 

(3) Processes using aqueous solutions of antiseptic salts. 

(4) Processes using small amounts of antiseptic oils, together with 
aqueous solutions of antiseptic salts. 

(5) Processes using large amounts of waterproofing oils which are 
nonantiseptic or practically so. 

As typical of these classes of treatments the following processes' 
were selected: 

(1 ) Full-cell creosote, using 12 pounds of creosote per cubic foot of 
wood, 

(2) Rueping, using 5 pounds of creosote per cubic foot of wood. 

(3) Burnett, using 0.5 pound of dry zinc chlorid per cubic foot of 
wood, 

(4a) Card, using 0.5 pound of dry zinc chlorid and 4 pounds of 
creosote per cubic foot of wood, 

(4b) Two-movement crensote-zinc chlorid, using 4 pounds of 
creosote per cubic foot of wood, followed by an impregnation of 0.5 
pound of dry zinc chlorid per cubic foot of wood. 

(5) Semirefined oil with paraffin base' (gas-house oil), injected 
into the ties until they refused to absorb more oil at a pressure of 
175 pounds per square inch and a temperature of 180° F. 

PAKT I.— TREATMEKT OP THE TIES. 
PLAN OF TBBATMENTS. 

One hundred ties of each species were treated by each of the pro- 
cesses named. For the treatment of each lot 10 cylinder runs were 
required. A charge consisted of 11 ties, of which one was cut up in 
order to determine the penetration of the preservative, and 10 were 
retained for the test track,' Thus, there were treated for the track 
600 red-oak and 600 hard-maple ties. In addition, 100 untreated 
ties of each species were laid.* 

> EslabUahed processes are de^guatad by Iheli trade iiBiiies. TieBlmenls vhicli do i)at coaftiim la any 
(SIsbUdied process are deslgoaUd In aw&; lolndiCBle tlie general choiaoter of tbe tietUiient. 

t It woa originally iulended lo make similar trsatmeuls uslQg a aetoliefined oil with na ospbaltlc base, 
but sal^tactor; arrangements could not be made [or the delivery of the oil. 

■ Several charges contained only 10 ties each. 

• CsTtala othu tjat were eiao Inoluded In the teat Inck. Fof b (nil record dI the tnok see pafcs 41-43. 
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12 PEESERVATIVE TREATMENT OP CHOSBTIES. 

Before the ties were placed in the treating cylinder their moisturo 
contmit was calculated. So far as practicable only ties thoroughly 
seasoned were treated; those considered insufficiently seasoned were 
held for a longer period. 

Plate III (fig. 2) shows the treated ties closely piled in the yard 
adjoining the laboratory. Each lot was piled separately, thus 
making 100 ties in each pile. 

CYLINDER EQTHPHBNT. 

The arrangement of the apparatus used for the treatments is shown 
in figure 1. For the sake of clearness, all of the lanits except the 



FiQ. 1.— Cylloder equipment for experimental tnstmaDtaL 

cyliader, A, are shown in side elevation; though, as actually erected, 
a number of them stand at right angles to the positions shown. 
The principal parts of this equipment are: 

Treating cylinder, A. 

Track scales (in front of cylinder door; not shown in drawing). 

Measuring tanks, B and B'. 

Gauge board, K (for indicating the levels of floats 2S and 29). 

Receiving tanks, D and ly. 

Hydiaulic pressure pump, H. 

Surface coadeneers, E and E'. 

Hot well, F. 

Dry vacuum piunp, G. 

Air comprefBoi', J. " 

Air receiver, C. 

Motor-driven, centrifugal, circulating piunp, L (motor not shown in Fig. 1). 
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Magnified Cross Section of Red Oak. 
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MAONiFmo Cross Section of Hahd Maple. 
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Fio, 1— Untreated Ties Seasoning in the Yard. 



Fia. 2.— Treated Ties Stored in the Seasoning Yard, Close-Piled, in Lots of 100 

Each. 

,M..d by Google 
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CyLINDEB EQUIPMENT. 13 

The cylinder, A, is approximately 3 feet 6 inches in diameter and 
11 feet in length. It is equipped vith a tramcar, tracks, and guard- 
rails; steam coils for heating purposes, capable of a wide range of 
regulation by use of reducing and throttlii^ valves; a combination 
indicating vacuum and pressure gauge (21 *), with a platinum- 
protected diaphragm; an indicating vacuum gauge (IS); a straight 
stem, separable-socket thermometer with a 3i-inch bulb, placed in the 
back of the cylinder (see fig. 25) ; jind recording pressure and vacuum 
gauges and thermometer (not shown). Stops on the rails in the cylin- 
der prevent the tramcar or the ties from coming in contact with the 
thermometer bulb. A horizontal pipe (the end shown in dotted lines 
near bottom of A to the left), 1 inch in diameter, runs practically the 
full length of the cylinder and is attached to the pipe h. This hori- 
zontal pipe is the end of the discharge pipe from centrifugal circulating 
pump, L. It enters the cylinder near the rear end, is open at the end 
nearest the front, and is perforated throughout its length with a row 
of small holes opening toward the bottom of the cylinder, but at such 
an angle that the discharged Kquid strikes obliquely. The total area 
of the holes is equivalent to the area of the cross section of the pipe. 

The measuring tanks, B and B', are approximately 3 feet 6 inches 
in diameter and 12 feet in height. They are equipped with steam 
heads for heating preservatives and with separable-socket, angle- 
stem thermometers with 12-inch bulbs (30 and 31). Meaaurii^ 
tank, B', has in addition a |-inch air pipe (shown in dotted lines) 
running down the center of the tank and branching at the bottom 
into a cross, each arm of which has a row of small holes openi:^ 
horizontally on the right-hand side. The end of each arm is closed 
by a pipe cap. Compressed air passed through these pipes keeps 
unstable emulsions in the tank w^ mixed. The holes are so placed 
that the air begins its passage up through the liquid in spiral currents, 
BO that those portions near the bottom of the tank are thoroughly 
mixed and carried upward, 

The gauge board, K, with the floats (28 and 29), counterweights 
(26 and 27), pointers (23 and 24), and other parts is used in measm-- 
ing the height of the liquid in the measuring tanks, B and B'. Its 
horizontal position makes it easier to read than if it were vertical. 
The arrangement of the gauges is shown in figure 1. A detailed 
sketch of the floats and a discussion of the principles of construction 
of the gauge are given in the appendix. 

The receiving tanks, D and D', are each equipped with steam coiIb 
and also with vent pipes, I and I'. The hot well, F, is provided 
with baffle plates, f and f , directly in front of the inlet and outlet 
pipes, which separate suspended liquid from the air before it reaches 
the vacuum pump, G. 



14 PEESEBVATIVE IBEATMENT OF CE0S6TIES. 

TBB TBEAmZNTS. 
OENBBAL METHOD OF OPERATION. 

Although the ties were treated by six different processes, there are 
a number of features common to all of the treatments, and these 
will be described before taking up the details of each process sepa- 
rately. 

With the Tolume of the ties and capacity of the treating cylinder 
known, the amount of preservative necesswy to fill the free space in 
the cylinder and to give the desired impregnation was calculated in 
units of the scale on the measuring-tank gauges,* and the injectiona 
were regulated on this basis. 

The cylinder was filled with preservatire in the following way: 
A^uming measuring tank 6 (fig. 1) to contain the preservative, 
valves 7, 10, and 4 were closed, andTalvea 1, 5, 8, and 20, and cock 19 
were opened. As soon as the preservative began to run out through 
valve 20 this was closed, and the remainder of the air in the cylinder 
was allowed to escape through cock 19, which was kept open until 
the preservative began to run out at that point. Cocks I', 2', and 
3' were then opened in turn until the preservative appeared, when 
they were closed and the cylinder was considered fuU, 

In order to obtain hydraulic pressure in the cylinder after it was 
filled, valve 8 was closed and valve 7 opened. Tlie preservative was 
then drawn from pipe a into the pressure pump and was discharged 
past relief valve 9 and through check valve 22 into the cylinder. 
Relief valve 9 contains a valve disk held to its seat by a spring whose 
compression could be varied by means of an adjustable handle. 
When tlie upward pressure became sufficiently great the disk lifted, 
and the liquid which was thus allowed to pass through the valve 
was carried by pipe b hack ^ain to the suction pipe of the pressure 
pump. By means of this relief valve it was possible to maintain 
practically constant any pressure required. 

To empty the cylinder, .valve 7 was closed, valves 10, 20, 13, 14, 
11, and 12 were opened, and tlie preservative was allowed to run 
into the receiving tanks by gravity. To ascertain when the cylinder 
was as well drained as was practicable, a valve {not shown in fig. 1) 
at the bottom of the cylinder near the front end was opened. In 
order to drain tlie piping system below valves 1, 2, and 3, valve 8 
and cocks 1', 2', and 3' were always opened before the preservative 
was returned from the receiving tanks to tlie measuring tank. How- 
ever, the piping below valve 7 was always kept full when possible, 
being dripped only upon a change from one set of treatments to 
another in which different preservatives were used. 

:lod fur lamperatuio. The accuntcy of lbs Esuie resdlDiB li 
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THE TREATMENTS. 15 

Before the admission of preservative to the receiving tanks valves 
15, 16, and q were kept opened for several minutes in order to make 
sure that the receiving tanks were entirely empty. Preservative 
was returned from the receiving to the measuring tanks by closing 
valves 11, 12, and j, opening valves 15 and 16, and exerting an air 
pressure on the preservative through valves 3, 6, 13, and 14. The 
preservative could be returned to either of the measuiing tanks. 

During the treating period readings were taken at intervals of 
15 minutes of the temperatures and float gauges of the measuring 
tanks; the temperature and pressure (or vacuum) in the cylinder; 
and the steam pressure in the cylinder heating coils.* After these 
readings had been recorded cock 19 was always opened in order to 
detect the presence of any air wliich might have accumulated in the 
dome.' When all of the excess preservative, including the drip, had 
been returned to the proper measuring tank, final readings of the 
measuring-tank gauge and thermometer wer© made. 

The following are descriptions of the manner in which the various 
processes of treatment were conducted. In some cases departures 
were made in certain details from the procedure described, due to 
accident or other cause, but it is beUcved that all such changes were 
unimportant. 

FULL-CELL CEEOSOTE. 

In the full-cell treatments with creosote the preservative, at a 
temperature of from 170° to 190° F., was at once run into the cyhnder, 
and when this was completely filled the pressure pump was started. 
An initial pressure of 50 pounds per square inch was obtained as soon 
as possible and was held for 15 minutes. The pressure was then 
increased in steps of 25 pounds per square incli, at intervals of 15 
minutes, until an absorption of approximately 12 pounds per cubic 
foot of wood was indicated by the meaauring-tank gauges. If, 
however, a pressure of 175 pounds per square inch was reached 
before the desired absorption was secured, this last pressure was 
maintained until an absorption of 12 pounds per cubic foot was 
indicated. The oil was then run from the treating cylinder into the 
receiving tanks, and a vacuum was maintained for 30 minutes to dry 
the ties. The gauge showed a vacuum of 26 inches of mercury in 
about 15 minutes. The cylinder was then drained again hito the 
receiving tanks and the charge removed. The maximum tempera- 
ture of the oil in the cylinder was approximately 180° F.' 

■ While the recording gauges and thermoineter w«re operated during the treatments, they were used 
ool; as checks on the simple Inillcathig Instnunents. 

> Boweiier, in no case during the treatments described In this bulMhi was the presence of air in the 
dome obserred during the pmsnire perjod. The length of the pipe ltm> the cock to Its open end was 
approidmalely 5 feet, and its diameter three-eighths a[ an inch. 

' BiMne variations from this procedure (principally in pressure) were made in the Iull^»ll creosote treat- 
meDtaln thetaseof several re-treatmenta of ties previously trealedby the Rueping process with an -unsuit- 
able amount oF creosote. The total absorption ot those ties vis, however, the same as In the case of the 
llIU«eII oreoaota-deatad ties which received buc one treatment. 
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EUEPING. 

In the treatments by the Rueping proceae an air preesure of 50 
pounds per square inch for red oak and 90 pounds per square inch 
for hard maple was at once applied to the ties. The duration of the 
air bath was in no case less than 10 minutes, after which, without 
reducing the pressure, the cylinder was pumped full of creosote at a 
temperature of from 170° to 190" F., tlie compressed air being released 
through vent pipes 19 and 20 (fig. 1). When the cylinder was 
completely filled with creosote the pressure was increased in steps 
of 25 pounds per square inch, held for 16 minutes each, until the 
maximum pressure was reached. In the case of red oak this was 
175 pounds per square inch, and in the case of hard maple 140 pounds 
per square inch.' The maximiun pressure was then maintained 
imtil the measuring-tank gauge, by two readings 15 minutes apart, 
showed no further absorption of creosote by the ties. After releas- 
ing the pressure and dropping the creosote into the receiving tanks 
a vacuum was drawn and held for 30 minutes, the gauge showing 
a vacuum of 26 inches of mercury In about 15 minutes. The cylinder 
was then again drained and the ties were removed. 

With the air and oil pressures used, an averse absorption of 
approximately 5 pounds of creosote per cubic foot of wood was 
obtained. The maximum temperature in the cylinder during the 
treatment was approximately 180" F. 



In applying the Burnett process a preliminary vacuum of 26 
inches of mercury was drawn and held for 30 minutes, after which, 
without breaking the vacuum, an aqueous solution of zinc chlorid 
at a temperature of 130° to 140" F. was run into the cylinder by 
gravity. This solution was of a concentration of 3 per cent in the 
case of red-oak ties, and 2.5 per cent in tjie case of hard maple. 
When the cylinder had been completely filled with the solution the 
pressure pump was started, and a pressure of 50 pounds per square 
inch was obtained at once and maintained for 15 minutes. The pres- 
sure was then increased in steps of 25 pounds per square inch, held 
for 15 minutes each, until a sufficient amount of the solution had 
been absorbed to give an average impregnation of approximately 0.5 
pound of the dry salt per cubic foot of wood. If this impregnation 
was not secured before a pressure of 200 pounds per square inch was 
reached, the pressure was maintained at this figure until the proper 
absorption was indicated. The solution was then run from the 
cylinder, and the ties were allowed to drip for at least 15 minutes, 
after which they were removed. The average temperature of the 
cylinder during treatment was approximately 160" F. 
1 Tha proper air and oi! pressurei required In odei to obtain tba dedrad kbaoiptloD In tin two ipadM 
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Treatments by tlie Card process were applied as follows: An 
emulsion consisting of a 3 per cent aqueous solution of zinc chlorid 
and creosote in the proportion of 80 per cent of zinc-chlorid solu- 
tion to 20 per cent of creosote, by volume (at approximately 70° F.), 
was kept mixed in the measuring tank at a temperature of approxi- 
mately 190" F. by blowing air through it. The emulsion in the 
treating cylinder was a^tated by means of a centrifugal circulating 
pump, the capacity and speed of which were such that a volume 
equal to the quantity of emulsion in the cylinder was passed through 
it approximately every 15 minutes. 

A vacuum of at least 26 inches of mercury was drawn and held for one 
hour, and the emulsion was admitted into the cylinder without breaking 
the vacuum. When the cyUnder was completely filled the pressure 
pump was started, and a pressure of 50 pounds per square inch was 
obtained at once and held for 15 minutes. The pressure was then 
increased in steps of 25 pounds per square inch, held for 15 minutes 
each, untU an absorption of approximately 0.5 pound of dry zinc 
chlorid and 4 pounds of creosote (20 pounds of emulsion) per cubic 
foot of wood had been obtained, or until a maximum pressure of 175 
pounds per square inch had been reached, to be held until the desired 
absorption was secured. After emptying the cylinder a vacuum 
of at least 26 inches of mercury was drawn and held for 30 nunutes, 
after which the cylinder was again drained and the ties removed. 
The average maximum temperature of the cylinder during treatment 
was approximately 180" F. 

Samples of the emulsion were taken before, during, and after each 
treatment, both from the measuring tank and from the treating 
cylinder at a point 2 feet from its rear end in its axis.' Great care 
was exercised to maintain the proper proportions of zinc-chlorid 
solution and creosote in the emulsion. 

TWO-MOVEMENT CBBOSOTE-ZINC CHLOHID. 

A treatment consisting of separate injections of creosote and zioc 
chlorid was made as follows: Creosote at a temperature of from 180° 
to 200° F. was at once run into the cylinder until the uppermost 
ties in the chaise had been submerged approximately 2 inches, as 
shown by a gauge glass. The inlet valve to the cylinder was then 
closed and the temperature of the creosote raised to 212° F., the 
expansion of the oil being taken care of by an overflow pipe leading 
from the top of the cylinder to the receiving tanks.* The ties were 
kept submerged in creosote at a temperature of approximately 212° 

' ThemBDnerof analyilng these samplea Is dererlbed in the appendix. 

* Thli ezoess otl waa letumed to tbs meaiuring tank with the meaeote In the oylliidec at the end a[ the 
beattns period. 

66726"— Bull. 126—13 2 
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18 PBEBBEVATIVB TBEATMENT OF CB0S8TIB8. 

F. for a period of 30 minutes, after which the creosote was drained 
into the receiving tanks.' During the heating period a connection 
was kept open to the surface condensers, but no appreciable amounts 
of condensed vapors were obtained. Care was taken to prevent a 
drop in temperature after the creosote had reached 212° F., which 
would have caused a contraction and a possible uncoverii^ oi tlie 
uppermost ties in the charge. On this account the temperature 
was raised slightly and very gradually during this part of the treat- 
ment. 

At the end of the hot bath the creosote was drained from the cylin- 
der as completely as practicable, and a 3 per cent aqueous solution of 
zinc chlorid at a temperature of from 160° to 180° F. was nm mto 
it. When the cylinder was completely filled the pump was started, 
and a pressure of 50 pounds per square inch was obtained at OQce and 
held for 15 minutes. The pressure was then increased in steps of 25 
pounds, held for l6 minutes each,imtil an absorption of the solution 
corresponding to an impregnation of 0.5 pound of dry zinc chlorid 
per cubic foot of wood was obtained, or until a maximimi pressure of 
175 pounds per square inch had been reached, to be maintained until 
the desired absorption was secured. The zinc-dilorid solution was 
then run into the receiving tanks, and after a IS-miuute dripping 
period under atmospheric pressure the ties were removed from the 
cyhnder. The average maximum temperature of the cylinder during 
the pressure period was approximatdy 180° F. 

OAS-HOU8B OIL. 

In the treatments with gas-house oil a vacuum of 26 izkches of 
mercury was at once drawn and maintained for 15 minutes. ThB 
preservative was then run in at a temperature of from 150° to 170° 
F. When the cylinder was completely filled the pressure pump was 
started, and a pressure of 50 pounds per square inch was ohtMned at 
once. The pressure was then increased by steps of 25 pounds, held 
for 15 minutes each, until a maximum pressure of 175 pounds per 
square inch was reached. This was continued until two suooassive 
readii^ of the measuriog tank gauge, taken 15 minutes apart, showed 
no further absorption. The oil was thrai run into the receiving tanks, 
and a vacuum of 20 inches of mercury was drawn and maintained for 
15 minutes, after which the cylinc^r was drained into the reccaving 
tanks and the ties were removed and weighed at once.^ The av«-age 
maximum temperature of the cylinder during the pressure piniod was 
approximately 180° F. 

I In thia pioness the tiei 
process^ used, In order to 

< Tba tool vacuum vas omitted in a tev or Uib cytlnder chnfjiBB. 
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DEIEBMINATIONS MADE. 19 

SBTEBUIKATIONS UADB. 
VOLUME OP TIES. 

The apparatus used in determining the volumes of ties is Bhown 
in figure 2. The tie is submerged in water, and the difference in the 
level of the water during and after submersion is a measure of its 
volume. The water level is read in the gauge glass shown at the 
side of the tank. In order to make the reading more accurate a 
"rider" (fig. 3) was used. By bringmg the upper edge of the two 
horns of the rider and 
the lowest part of the 
meniscus, or surface of 
the water in the gauge 
glass, in the same plane, 
parallax was avoided. 

The gauge glass was 
graduated in 0.01 foot 
and read to the nearest 
0.005 foot; volume of 
the tank was 1.72 cubic 
feet for each foot in 
depth. 

OVEN-DET WEIGHT, 

The oven-dry weight 
of each tie was deter- 
mined by means of a 
section approximately 1 
inch thick cut from one 
end.' The green or wet 
volume of each section 
was determined, and the 
section was then dried 
in an oven and weighed, 
tie was computed. 




—Apparatus us«d in d«ter 



From these values the dry weight of the 



The volumes of the sections were obtained from the weight of the 
water they displaced. The apparatus shown in figure 4 consists 
essentially of a vessel of water placed on the weighing platform of a 
balance and an arm (separate from balance and vessel) by means of 
which the wood is submerged. The difference in the weight of the 
vessel before and after the immersion of the section is the weight of 
the water displaced.' The weighings were made to the nearest one- 
half ounce. 
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20 PBESEBTATIVB TKEATMENT OF CE08BTIBS. 

Before making this determination the sections were soaked in 
water until they had reached a constant volume.' This was done in 
order that their volumes might be more nearly comparable to the 
volumes of the ties; most of the latter were only partially seasoned 
when their volumes were determined, and when treated had a moisture 
content usually above 
the point (30 per cent) 
where any considerable 
shrinkage takes place. 
After their volumes 
had been detfflTinlned 
the sections were air- 
dried in the laboratory 
for several days, then 
dried in an oven at 
100* C. until they 
showed no chaise in 
weight over a period 
of 24 houis, when they 
were considered air' 

MOISTURE CONTENT. 

Having determined 
the actual weight of 1 
the tie and its com- '■ 
puted oven-dry weight 
the amount of mois- 
ture it contained was 
ofuquidto found by subtraction j 
after both factors had 
been reduced to pounds per cubic foot, and the moisture content 
was computed as a percentage of the oven-dry weight of the wood, r 
The moisture content of all ties was found inunediately before they 
were placed in the treating cylinder, i 

PERCBNTAQE OP SAPWOOD. 

The area of both the entire cross section and of the heartwood 
portion of the sections cut for oven-dry weight determinations was I 
measured with a planimeter, and from these measurements the per- 

^ uid therefore contained leas molstura than tike ftvenga 
Idl; between tbt time tbtj were cut and 0>e time wb 
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centage of sapwood was calculated.' No attempt was made to cut 
the sections from corresponding ends of the ties; that is, the ends 
having the same relative position with respect to the butts of the 
trees from which they were cut. Because of the variation in the 
percentage of sapwood between the two ends of a given tie the method 
of measurement used is regarded as an estimation only. 

RATE OF GROWTH. 

The rate of growth of the ties was obtained in the ordinary manner; 
that is, by actual count of the number of annual rings in a measured 



FiO. 4.'-Metl]Dd of determtaing volume ol tie sections. 

radial distance. The radius along which the count was made was in 
all cases selected as most representative of tlie section. 

' The tie scctloaa. were placed benealli e thin sheet ol«las3 upon which two cross marks had been made 
with an oidinaiT glass cutter. One of these wasased as the paint of rota tioniand the other as the origin 
tor the tracing point ol the plaolmeler. Care was taken to prevent the measurli^ wheel Irom elipphig on 
the glasa, frequent checks being made with this In view. The glass was cBiefull; wiped o9 bebrs each 
determination in order lo remove the dust, which might cause the meaauring wheel to aUp. Where there 
was tmj difflcultr in distlaguiahing the line between the heartwood and sapwood the sectloD was dipped 
talD water to bring out the line more clearlj. 
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22 PBESERVATIVE TREATMENT OP CROSSnES. 

ABSORPTION OF PRBSBRVATITES. 

Although the tank gauges were read during the treatments, the 
absorptions recorded in this bulletin are those determined by weighing 
the ties before and after treatment. The weighings were made on a 
track scale, the beam of which was graduated in pounds. Weights 
of individual ties were obtained by balancing the scales as each tie was 
placed on the tram. In all cases the treated ties were weighed 
immediately after they were drawn from the cyUnder. 

PENETRATION OF OILS. 

In order to determine the average penetrations of the oils, that 
tie in each cyUnder charge which showed an absorption nearest the 
average for the whole charge was sawed into sections, as shown in 
figure 5. The middle and the two end sections of each of these ties 
were then spHt and the penetrations of the oils noted. 

DISTRIBUTION OP ZINC CHLORID. 

With a few exceptions one of the 1-iach sections cut from the tie of 

average absorption in each cylinder charge of the Burnett, Card, and 
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Tia. 5.— Method Dl saning ties M determine penetraUon In thaae otaveraffi Bbaorptlai. 

two-movement creosote-zinc-chlorid processes was finely ground, and, 
after being thoroughly stirred, was analyzed to determine the amount 
of zinc chlorid present at that point in the ties most important in 
r^ard to their durabUity — near the rail fastenii^s. The samples 
were not considered as necessarily representative of the entire tie. 
The wood was digested by means of nitric and sulphuric acids and 
potassium chlorate, and the mic chlorid in the residue remaining 
after dig^tion was determined by titration.' 

RB8TFLTS. 
TIME REQUIRED TOR TREATMENT. 

COMFAJUBON or FBOCBS9B8. 

Table 1 shows the average time of treatment of red-oak and hard- 
maple ties by each of the processes used. In most cases the value 
given is the average of 10 runs; in a few instances one or more of the 

ie actOBl auslyaes were worked oat by lb. E. BsUmuo, 
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' 10 runs made are omitted from the average because of irregularities 
in the proeedure or in the results.' 

The maimer of operation in each of the various treatments was in 
accordance with the advice of some authority on the particular 
process. Since the same economy of time was not observed in the 
various steps of each process, it i^ manifestly unfair to make any 
comparison of the various processes based on the time of treatment. 

ooKPAsraoM 07 sneoiBS. 

For all processes except the full-cell creosote,' the average time 
required for the treatment of red oak was 4 hours 29 minutes, and 
of maple 3 hours 46 minutes. Therefore, on an average, 19 per cent 
more time was required for the oak thaji for the maple ties. This 
may have been due lai^ely to the more even distribution of vessels 
and the more open nature of the wood fibers of maple, as shown in 
Plates I and II, and also to the fact that the oven-dry weight of 
the maple was less than that of the red oak. 

The difference in the time required for the treatment of the red- 
oak and the hard-maple ties by the two-movement creosote-zinc- 
cblond process was considerably less than in the case of any other 
process. This seems to have been due to the fact that the resistance 
offered by the hard-maple ties to the injection of zinc-chlorid solution 
was lai^ely increased by the creosote which had been absorbed by 
the wood duru^ the boiling period. No such equalization of the time 
required for treatment of the two species was effected by the injection 
of the creosote and zinc chlorid in an emulsion by the Card process. 

TASIATION IN AB80BFTI0N. 
0OUPARI8OK OF PROCEBSEa. 

The average results of treatments afford Uttie basis for a com- 
parisoa of the ease with which the desired absorptions are attained 
by the various processes. Omittii^ the Rueping (empty-cell) 
process, the smallest absorption was obtaLaed with gas-house oil 
and the h^hest with straight zinc-chlorid solution (Burnett process). 
The creosote and zinc-chlorid emulsion (Card process) and the two- 
movement zinc-chlorid and creosote treatments gave practically the 
same absorptions, and were only sightly below the Burnett treat- 
ment. These relations hold for both species, but in the maple the 
absorptions are uniformly greater than in the oak, omitting the 
Rueping process as before. 

The mean average variation of absorption of ties in the same 
charge varied with the different processes, but does not show con- 
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sistent variation for both species. Considering the two species, the ■ 
variation is greatest for the gas-house oil treatments and least for the 
Burnett process. 

OOKFABIBON 07 8P101XS. 

The average variation, in absorption of ties in the same charge was 
greater for hard maple than for red oak, except in the case of the 
Kueping and the gas-house oil treatments. In the Eueping process 
the differoice in this variation for the two species is small. In the 
gas-house oil treatments on red oak a lai^e variation was to be 
expected because of the refractory nature of this lot of ties, which 
were mostly cut from the heartwood of comparatively old trees, and 
were of comparative high moisture content. 

In the case of red oak, the tie of highest absorption in a given 
charge varied more from the average than the tie of lowest absorption.* 
In other words, there was less hkeUhood of having excessively low 
than excessively high absorptions in a given charge of red-oak ties. 
A study of Table 1 will show no marked difference of this kind in the 
maple ties. 

PBNETEATION OP OILS. 

Three representative ties of each species from each process using 
oils were selected, and photographs were made of a cross section and 
a spUt surface of a part of the middle section of each tie. These 
photographs, taken immediately after the sections were freshly 
surfaced, are reproduced in Plates IV to VIII. 

Plate rV shows the complete penetrations of the vessels of red oak 
secured in the treatments by the full-cell creosote and the Rueping 
processes.^ The only apparent difference in the fresh surfaces of 
the two lots of ties was that those treated by the fuU-ceU creosote 
process were darker in color because of the much larger quantity 
of creosote present. 

Plate V shows the penetrations secured in the treatment of hard- 
maple ties by the same processes. In both treatments the penetra^ 
tion of preservative was almost entirely in the sapwood. The maple 
ties treated fay the full-ceU creosote process seemed to show little 
better penetrations than those treated by the Rueping process, but 
many of the latter were cut from lai^e trees and contained more 
heartwood on the faces. Considering the variability of the ties, 
there was little difference in the penetrations obtained by the two 
processes. The heavy absorption about the knot in tie No. 487 
(PI. V) is of interest. 

Plates VT and VII illustrate the penetrations of creosote which 
were secured in red-oak and hard-maple ties treated by the Card 

' Thla wu not tiue ol (be Card trealmeuts, but the cause Is probably to be found In the TariBbUK; of tlie 
melerial rather than Id any dUereoce la tlie bebavlor ol the proctss. 

> The presence at cmxute In the veeseli of red oak vUl doubtlea loaure a protection of the adjaomt 
fibers wbiiA are not Impncnated. 



BuMie. Forsit Sirvl«. U. S. D<pt. of AghcuHu 



Tie No. 194. Tie No. 186. Tie No. IM. 

Fig. 1 .— SecTiOHS of Red-Oak Ties Treated by the Full-Cell Creosote Process. 



Tie No. 67. Tie No, 76. Tie No. 5S. 

Fia. 2.— Sections of Red-Oak Ties Treated by the Ruepino Process. 
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Tie No. MS. Tie No. 594. Tie No. S65. 

FiQ. 1 .—Sections of Hard-Maple Ties TflEATeo by the Full-Cell CnEosore Process. 



Tie No. 43J. 'fie No. 487. Tie So. <67. 

Fro. 2,— Sections of Hard-Maple Ties Treated bv the Rueping Process. 
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Tie No. 1204. Tie Ko, 1244. 

FiQ. 1.— Sections of Red-Oak Ties TftEATEo e 



THE Card Process. 
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Tie Mo. 1157. Tie No. 1178. Tie No. 1165. 

Fia. 1,— SECTioNa OF Haro-Maple Ties Tseated by the Card Process. 



Tie No. 1021. 

i Two- Movement Creosote- 
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TieNo. M8. TieNo, 6»9. Tie No. filS. 

Fio.1.— Sections of Reo-Oak Ties Theateo with Gas-House Oil 



TleNo. l«S. Tie Ko. use. 

Fig. 2.— Sections of Habd-Maplg Ties Treated w 
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and the two-movement creosote-zinc-chlorid processes. In the red- 
oak ties there seems to be a somewhat greater penetration of creosote 
by the Card than by the two-movement process; this difierence is 
more marked in the hard'maple ties. In this case, also, part of 
the difference shown by the maple ties may be accounted for by the 
variability in the amount of sapwood. It should be remembered 
that these processes depend for their efiSciency largely upon the zinc 
chlorid, and that the creosote is used principsJly to retard the 
leaching out of the salt. The penetration of the zinc chlorid can 
not be seen in the illustrations. 

In Plate VIII the penetrations secured in treatments with gas-house 
oil are shown. The penetrations secured in the hard-maple ties 
were the most complete of any of the treatments of maple with oils. 
This is accounted for by the low viscosity of the oil in comparison 
with creosote. While the penetration of the gas-house oil in the 
red oak seems to have reached to the cent«r8 of the ties, it was in 
streaks. However, as has been said, these ties were more refractory 
than the other lots of the same species. 

The great difference in the uniformity of penetrations in red-oak 
and hard-maple ties indicated by Plates III to VII should be espec- 
cially noted. The greater variability in penetration of the maple 
accords with the variability in absorption indicated in Table 1. 

Tablx 1. — Summarff ofremilU of tie trtatmenUfor each procett. 



abaotpuoa 



Variation Irom average absorpUan. 



Dfhighut 
absorption In 
each cliBrge. 



AverHgevH 
ation Tor tli 



Full-cell creoeola. . . 



Uap]e... 
RodcMk. 



2 30 

3 27 



I^^ 



multdon <A 80 parts of 3 per cm 
ZnCli wdntlw plus cr 



'\i aolutlon aod 20 parts ot crecsot* by v<4unie at approxlnutalr 



DISTRIBUTION OP ZINC CHLORID. 



The average amount of zinc chlorid per cubic foot found by analysis 
of the sections cut 2 feet from the ends of the ties was 13.5 to 15.4 
and 26 to 26.6 per cent less for the oak and maple, respectively, 
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than that computed from the absorptions of ili« ti%. The averagea 
of the detominstions made are giT«u in Table 2, and the results for 
each tie are' given in Table 14 of the appendix. 

The differences between the zino-chlorid coatant computed from 
the abaorptiona of the ties bj analjaia of the sections are v«ry 
imiform for the three classes of treatment. While the method of 
sami^iug UB»d gires little information on the distribution of the pre- 
servatare, the inference is that the distribution in the three classes 
of treatments is equally good. The greater difference shown by the 
maple ties compared with the I'ed oak in the absorptions found 1^ 
the two methods of determination indicates a less satisfactory longi- 
tudinal penetration for maple, a lai^e amount of salt prestunably 
being in the ends of the ties. 



Table 2.— Average amount 


ofiintekloridm 


the ties of average abiorptum. 




Treatment. 


Species. 
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CalcolBted 


DotermtaBd 
or9ectlDii«2 
end of ties. 






.48 
.39 
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■ BuBd on calmilated abBorptknia lor the ties. 

• Tba measurti^tankgauga raadlDgs disagieed so greatly with absoqiitlou by weights that thei»opoiti>Hi 
of ZaCliBoliittancotild not be calculated. 

■ Calculated Erom the sbso^tkni ol ZnCIi solutton ihowD by measuilng-tank readhigs. The sum of the 
BbMrptkm of cnosote and tbe abwiptlon of ZnCli solntkm by measorlng-unk I«adliig9 dlflered from total 
ahaorptlw by weight by 1 per cent when all tlea In this tieatmeot are averaged. 



EBLATIOIf BliTWEBK WEIGHT AND ABSOBPTION. 

In order to ascertain, if possible, the effect of differences in weight 
of the ties on absorption each charge was inveetigated in the following 
manner: The absorption of each tie id a sin^e charge was plotted in 
the order of its magnitude, be^nning with the tie of lowest absorption. 
Vertically above each absorption the corresponding oven-dry wei^t 
of the wood per cubic foot, the moisture per cent, and the total 
weight per cubic foot of the wood before treatment (called the " treat- 
ing weight") were plotted. The resultant curves for each cylinder 
charge were averaged in each process, and these curves, for both oak 
and hard maple, are shown in figures 6 to 17. In the case of red-oak 
ties (figs. 6 to 11) it is very evident that the less the treating weight 
the greater is the absorption. In all except the Rueping and gas- 
house oil treatments this is very marked, and even in the latter 
processes there is the same tendency, althou^ to a leae d^ree. It is 
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seen also that in general the less the oven-dry weight of the wood and 
the moisture per cent befora treataneat, the greater is the absorption.' 
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averacxs of ties ot corresponding 
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cyunder charge 
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d molBtuie conlaut lo absorption In red-oak (J 



The exceptions noted are -undoubtedly a result of the variability in the 
material, and are not a result of the process used. 

< The tieaUng weight equala the oven-dry weight plus tba iveigbt ot molstiira In tbevood. 
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For hard-m^e ties (figa. 12 to 17) it ia evident tihat with a rise in 
tiie curves for absorption tb^% ia a marked downward tendency in the 
oarveB for treating weight and oven-dry wei^t Id the full-cell creoeote, 
Card, and gaa-house oil treatments, and also in a less d^;ree in the 
Burnett treatment. The curves for njusisture per cent seem to have 
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AVEFAGES OF TIES OF CORRESPONDINC 

RELATIVE ABSORPTlOiS HM EACH 

CYUNDER CHARGE 

Fis. 10.— RttetbiD of -weii^t of wood Bud molntun contmC to absorptloD In red-oak ttM tn*(«d br Iwo- 
mOTement creoeote-itnc chlortd process. 

no particular significance in ihe case of hard-maple ties, except in the 
Card process, in which increase in absorption seems to follow decrease 
in mtMstore content. In the esse <^ the Rueping treatment, aithou^ 
absorption increases slightly as oven-dry weight declines, the curvee 
for treatii^ weight end moisture per cent apparently have no partic- 
ular s^ufinanoe. For the two-movemcot creoflote-ztno-chlorid treat- 
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inen:t, the curves for treating weight, moisture per cent, and oven-diy 
weight actually have an upward tendency with a rise in the absorption 
curve. In all cases, however, the effect of moisture and oven-diy 
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AVERAGES OF TIES OF CORRESPONDING 

RELATIVE ABSORPTIONS IN EACH 

CYLINDER CHARGE 

to abflorption In red-oak tla tnat»d yiith 



weight must be considered in conjunction with the amount of sap- 
wood, which is discussed under the next heading. If the sapwood 
varies much in amount this may obscure the effect of otlier factoza. 
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AVERAGES OF TIES OF CORRESPONDING 

RELATIVE ABSORPTIONS IN EACH 

CYLM3ER CHARGE 
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more free space for the entrimcc 
deoisity of the actual wood substa 
same in all species ' (and therefon 
the amount of free space constant) 
absorption found in any one sp* 
among woods of different species 
structural characteristics. 



Pio. 16.— KelBtlonoIwelghtof wood, moisture content, 
BndpercentofBHpH'OOdtosbGorptlonln hard-maple 
Ilea treated by two-movement creosote-iioc-chlorici 

RELATION BETWEEN PERCENTAGE 

The method of investigating tl 
sapwood and absorption of preser 
finding the relation between weig 
wood curves are shown in the sain 
the fact that the sapwood curves ai 

1 "Uber dio Porasttat des Hotwa," by Julius Saol 
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nmnber of ties as the absorption curves, but the omissions are not 
siifficiently numerous to make any difference in the general relations 
between the two curves.' 

In the red-oak ties the variation in the amount of sapwood was 
comparatively small, and no relation is found between percentage of 
sapwood and absorption. This would be inferred also from the 
appearance of the treated aections, as the preservative seemingly 
penetrates the heartwood as readily as the sapwood. Sapwood deter- 
minations were made on only two lots of red-oak ties; the curves are 
shown in figures 6 and 8. 

Figures 12 to 17 ehow considerable variation in percentage of sap- 
wood among the hard-maple ties, and in general the greater tliis 
percentage the greater the absorption. This relation is very marked 
in all of the treatments. The irregularities in the curves showing the 
percentage of sapwood may be due in some degree to the difficulty 
in discerning the line of demarcation between the heartwood and 
sapwood in the ties. 

REUTION BETWEEN RATE OF QBOWTH AND ABSORPTION. 

The two ties in each cylinder charge having apparently the highest 
and the two having apparently the lowest average number of annual 
rings per inch, in the heartwood in the case of red oak and in the sap* 
wood in the hard maple, were selected. The average number of 
rings per inch in each of these ties was then determined from actual 
count both for the heartwood and the sapwood. The count is shown 
by individual ties in Table 7. 

Since the proportion of sapwood in the red oak was small and the 
preservative penetrated throughout the ties, the average number of 
rings per inch in the heartwood is the more important factor. On 
the other hand, because there was little penetration in the heartwood 
of the maple ties, the sapwood is the more important part to consider. 

Table 3 shows that, with a few exceptions, the red-oak ties with the 
highest average number of annual rings per inch in the heartwood 
showed a higher absorption of preservative than those of lowest 
average number. It is also seen that the red-oak ties with the greater 
number of annual rings have the smaller dry weight. The fi n ding 
thus agrees with the previous conclusion that ties of less density 
showed the greater absorptions. 

■ Sectlow train jill ul Cbt Uu were not available irbtn tbe sapWDud ctlcuUtiona vat mada. 
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In the case of maple the ties with the greater nnmber of rings per 
inch (excepting those treated by the full-cell creosote process) showed 
the smaller absorptions, the rings in the sapwood being considered. 
As in the oak, the ties of slower growth (more rings to the inch) had 
in general the smaller dry weight per cubic foot, although the difference 
was very small. However, ties of more rapid growth had the greater 
amount of sapwood, which accounts for their greater absorption. 
In the case of both the red oak and maple the effect of number of 
rings per inch was comparatively small. 

LOSS OF WEIGHT AFTER TREATMENT. 

Although the treatments extended over a period from November 1 
to about May 1, there was little chance for loss of weight by seasoning 
during the winter months because of the freezing weather. The 
final weights were taken the latter part of June, and for practical 
purposes the effective seasoning period of the ties was from about 
two to three months in all cases. A summary of the weights by 



h; Google 



cylinder chaises is given in Table 1 5 of the appendix, and the averages 
for the tiea in each treatment are given in Table 4.' 
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Table 4 shows that in every treatment using oils alone there was 
a considerably greater loss in weight for the red-oak than for the 
hard-maple ties, while the reverse was the case with the treatments in 
which zinc-chlorid solutions were used either alone or in the two-move- 
ment process. The difference in behavior is doubtless largely an 
effect of differences in the size and arrangement of the elements of 
the two woods. It is probably not due to a difference in their mois- 
ture content, since in every treatment the red oak had a higher 
moisture content than the hard maple. The following seems to be a 
logical explanation for the phenomena: In the red oak the liquid, 
whether an oil or a solution, penetrated to the center of the ties. In 
the hard maple, on the other hand, the penetration, while complete 
in the aapwood, was erratic, but in no case complete in the heartwood. 
Hence it is evident that the liquid was nearer the surface of the tie 
in the maple than in the oak. As the cell walls are more permeable to 
water than to oils, this fact would have more influence on the evap- 
oration in the case of the ties treated with water solutions than in 
the case of those treated with oils. In the latter case the relative 
size of the pores of the two species was probably the controlling 
factor. Since the vessels were very much smaller in the maple than 
in the red oak, the latter species would therefore be expected to lose 
more weight during seasoning after having been treated with an oil. 

How great a proportion of the loss of the oils was due to dripping 
is unknown. The red-oak ties did not appcM" to be quite so dry after 

' TlieaTHageBiMopttons sbovn in Ti 
I UMl 13 toitbe reason that Ibe latter an 
trabon delermlnatiDna are omitted from 
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treatment as the hard maple. Especially was this the case with the 
Rueping-treated oak ties, which appeared relatively wet for many 
hom^ after treatment.' This may explain in some degree their com- 
paratively great loss in weight, which was greater than that of any 
other red-oak ties treated with an oil only. The fact that the Rueping 
is an empty-cell treatment, in which the pores of the wood are pre- 
sumably not fully plugged up with oil, may have permitted greater 
volatilization from the interior of the red oak. In case of the maple 
ties, however, there waa a greater actual loss in weight in those 
treated by the full-cell creosote process than in those treated by the 
Rueping process. 

It may be that the vessels in the maple are sufficiently small to be 
largely plugged up by an oil, thus preventing any great amoimt of 
volatilization from the interior of the tie, even when treated by an 
empty-cell process. 

APPLICATION OF THE RESULTS TO OTHER SPECIES OF WOOD. 

It would seem that the results of the experiments described in this 
bulletin might be logically applied to other species of hardwoods 
having a structure similar to that of red oak and of hard maple. It 
is essential to bear in mind, however, that the vessels in many species 
of hardwoods, such as the white oaks and cliestnuts, are obstructed 
by growths of tyloses, which, to a greater or less extent, affect the 
penetration and absorption of preservatives. Also many species of 
hardwoods contain gums and other materials which may have a 
similar effect, especially in the heartwood. In the case of conifers 
the structure of the wood is so different from that of hardwoods that 
no attempt should be made to apply to them the results of these 
experiments. 

CONCLUBIONS. 

Following is a summary of the conclusions drawn from the experi- 
ments discussed in this bulletin: 

(1) Under the same conditions of treatment a given absorption per 
cubic foot of wood was obtained in a shorter time in hard-maple than 
in red-oak ties. 

(2) For a given treatment individual ties of hard maple in the same 
cylinder charge showed a greater variation from the average absorp- 
tion than did red-oak ties. 

(3) There was leas likelihood of excessively low than of excessively 
high absorption among the individual ties in a ^ven cylinder chaise 
of red oak. 

(4) There was no appreciable difference in the penetration secured 
in red-oak ties treated by the full-cell creosote process, using 12pound8 

' Th» mosi noticeable amount o[ dilp octnureij aTMr treatmeou ot red-oUi: tiea Dy tlie fiiuplDg piooeas. 
It has been suggested that U the final vacuum had been held Ibr a longer period the djipping or thesa tlaa 
might have been reduced. 
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per cubic foot of wood, and in those treated by the Rueping process, 
using 5 pounds of creosote per cubic foot of wood. In the maple ties 
the difference was very small. 

(5) Both red-oak and hard-maple ties showed a greater penetr^ 
tion of creosote when treated by the Card than by the two-movement 
creosote-zinc-chlorid process,' 

(6) The penetration of preservative in hard-maple ties was largely 
in the sapwood and in the seasoning checks; it was very erratic in 
the heartwood. 

(7) In the Burnett and Card treatments the average absorption of 
dry zinc chlorid per cubic foot of wood at a point 2 feet from the ends 
of 8-foot red-oak ties, determined by chemical analyses, averaged, 
respectively, from 13.5 to 15.4 per cent less than the average calcu- 
lated absorption per cubic foot for the entire ties. For the maple ties 
the difference was 26.6, 25.6, and 25 per cent in the Burnett, Card, 
and two-movement creosote-zinc-chlorid treatments, respectively. 

(8) The absorption of preservative per cubic foot of wood in red- 
oak ties was in inverse proportion to the moisture content and 
oven-dry weight. 

(9) The absorption of preservative per cubic foot of wood in red- 
oak ties appeared to bear no relation to the proportion of sapwood 
in the ties. 

(10) The absorption of preservative per cubic foot of wood in 
hard-maple ties increased as the proportion of sapwood in the ties 
increased. 

(11) The absorption of preservative per cubic foot of wood in red- 
oak ties increased as the average number of annual rings per inch 
increased, but the variation was slight. 

(12) The absorption of preservative per cubic foot of wood in 
hard-maple ties having nearly equal proportions of sapwood increased 
as the oven-dry weight per cubic foot decreased. The oven-dry 
weight per cubic foot of red-oak ties increased as the average number 
of annual rings per inch decreased. 

(13) The rate of loss in weight after treatment was greater fpr 
red-oak than for hard-msple ties treated in a similar manner with 
creosote only or with the gas-house oil used in these experiments. 

(14) Tlie rate of loss in weight alter treatment was greater for 
hard-maple than for red-Kiak ties treated in a similar manner with 
aqueous solutions of zinc chloiid, whether used alone or in combina- 
tion with creosote in the two-movement process. 

(15) It is beUeved that the results of these experiments on red-oak 
and hard-maple ties may, in the absence of any data to the contrary, 
be logically appHed to other hardwoods in proportion to their simi- 
larity in structure to red oak and hard maple. 

iThls,DlcaijiM,daeaMtnlKioUiaAllardyc«prDcci3,butanl7U>that«i>-itu>v«)Duitpn>ca8iuopentMl 
In iWe experiments. , - l 
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PAET n.—THE TEST TKACK. 
LOCATION AND PLAN. 

In selecting a location for the test track the aim was to secure 
normal conditions of site and traffic. The location ia in the northern 
division of the Chicago, Milwaukee & St. Paul Railway, juat east of 
Hartford, Wis. The road ia single track and carries a fairly heavy 
traffic in both directions. The track at the point where the ties are 
laid is gravel ballasted, well drained, straight, and practically IcveL 
(PI. IX.) Nearly all of the ties treated at the Forest Products Lab- 
oratory are placed on a fill; a few of the treated ties which were 
included in the test come in a cut (for about 150 feet at the western 
end of the track). Plate IX shows the general character of the track 
and right of way at the site of the test. A list of the ties included 
is given in Table 5. 
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Screw spikes with flat tie-plates were used on 50 per cent of the 
ties treated at the Forest Products Laboratory and on the accom- 
panying untreated ties; the remaining 50 per cent, unprotected by 
tie-plates, were fastened by ordinary cut spikes. As an extension to 
the original experiment 262 red-oak and 21 chestnut ties treated at 
a commercial plant by the Burnett process were added.' Some of 
each species of these ties were laid with screw spikes and flat steel 
tie-plates, and others with ordinary cut spikes and malleable-iron 
ribbed tie-plates. Also, 25 spruce ties treated by the Kyaniong 
process were included.^ Of these, 13 were put in with screw spikes 
and flat steel tie-plates, and the remainder with ordinary cut spikes, 

I These ties were trBated wltl 
cent oqueaus solution. The; 
Rallwa:^. 

• The Kyanlied ties were oontributed by the Berlin Mills Co. 



—Ties and Rails Reaov to be Placed in the Track. 



Fig. 2— BoniNG Ties and Driving Screw Spikes in the Ties in the Test Track. 
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and without tie-plates. The plan of the track is shown as figure 18 
in the accompanying sheet (folder) . To avoid disturbing the track in 
the future new rails were laid at the time the ties were placed. New 
fastenings also were used throughout. 












■ ''"I- c' 




_, 


, ^. 


'* 




■' 












^,icfe^ ( 


) -^0 


^^,<i 


)-?- 










FlQ. le.— Details of rail joint and rail aection used in t«st Iraclc. 

RAIL, FLATBS, AND E-ASTEHINOB. 

American Railway Association type A ferrotitaniura rail, weigh- 
ing 90 pounds to the yard, was used. Details of the rail section and 
ral joint are shown in figure 19. 



44 PRESEKVATIVE TEEATMENT OP CB08STIE3. 

The flab-steel plates used with the screw spikes had a boss for 
supporting the head of the spike. The tie-plates are shown in 
figures 20 and 21, and the screw spike in figure 22. 
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LATINO THE TRACE. 
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The track was laid in August, 1911. The old rails and ties were 
removed, and new rails and the experimental ties, 22 to each 33- 
foot rail length, were placed in the track. The rails were laid with 
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j(Hnts sta^ered or broken. The usual methods of track construction 
were followed in most respects. In driving the screw spikes it was 
necessary to bring the rails to the proper gauge with the tie-plates 
in position under them, and the ties were then bored hy using the 
plates as templates.' Both the boring and driving were done by 
means of a power track car eepecially constructed for screw-spike 
driving.^ (Plate IX.) Spike holes in all the treated ties were filled 




Fra. 21.— Details of Bat staal tle-pute used wiUi ecnw splka. 

with creosote in order to avoid any bad effects which might have 
resulted from not boring the holes previous to treatment. 

After the track had been laid a thorough inspection was made in 
order to record exceptions from the proper numerical order of the 
ties and to mark all tie-plates and spikes improperly placed. Ties 
on which the tie-plates or rails did not fit properly were adzed suffi- 
ciently to secure a good bearing, and improperly driven spikes were 
rraet. Creosote was poured on all adzed surfaces of treated ties. 
From the results of this inspection the map shown in figure 18 was 
prepared. 

A record was made also of any special points in comiection with 
individual ties, and these are given in Table 6. 

'Tlietlutniild not be bored before tiestment, due lo the fact that at that time Ihevdglitol rail and 
a;1a ol Us-plete had not been determined. 
' Tbla nu wag loanad for Uia occasion b; the Bpeneer-Otle Co., ol Cbiowo, III. 
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Flo. 22.— Details ol aciew spike. 
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BBCORDS. 

Table 6. — Remarke on ixrtain of Ike lie» %n the tat tratk. 



North and adt«d to At Qa plate. 
Bouth end adied to flt tie plate. 
Both ends adied to Qt tie plate. 



Nnth end adied to 



Both eods adied to flt 



BoHi w&i adied to flt rail. 



Sooth end adied to flt tie plate. 
NOTth end ad»d to at rairjotnt. 
SouQi end adted to Qt Us plate. 
South end, 3 sccew spUies 1 

plate. 
Both ends ad ted to Bttte plate. 
South end adied lo flt tie plate. 
Nortli and adied to flt tie plate. 



silith'Sidadiedtofl 

Both^sadiodtofl 
South end adied to fl 

Both ends adied to fl 

Do. 
Bouth end adied to fl 
North end cut spikes 


ffimS: 


sir"- 

rail joint, 
tie plate. 


tie plate. 


tie plate. 



Tie about 4 inches 



RECORDS. 

The ties were marked for identification by numbered galvanized 
nails driven into each tie at a point approximately 3 feet from the 
end. This was done before the ties were treated. At the time of 
placement each lot was assorted and arranged in serial order, or 
practically so. The different lots, however, do not in aU cases follow 
each other in such order. (See fig. 18.) A detaUed record of the 
characteristics and treatment of each tie is given in Table 7. 

The test track will be inspected at least once each year by repre- 
sentatives of the Chicago, Milwaukee & St. Paul Railway Co. and 
the Forest Service, and a report wiU be prepared after each inspec- 
tion giving the condition of the ties at that time. These inspections 
will pay special attention to the extent of decay and rail wear of the 
ties and to the holding power of the spikes.' If possible, the tonnage 
conditions will also be recorded- When replacements are made by 
the railroad company, the renujved ties will be held for an inspection 
by representatives of the Forest Service. 

> It wai notloed that ta "thniwine " the rail while the track was being aligned, the cut splkei were in 
ame easea a^htly bent, while Uie screw spOus, so br as could be ascertained, nmalned flimly In place. 
The alight bending of the cut spikes, howwei, was no more marked than would be the case In ordinary 
tnck construction. The point Is mendoAed simpl]r to Indicate the greater staliillt? of the screw-^plka 
iHtenIng used in thia track over the ordinary cut spike without tleplatea. 
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PBESEBVATIVE TBBATHBNT OF CBOSSTIES. 
Tablb 7. — Chntmt records on the mdividiml tie*. 

RUEPraO— RED OAK. 





Ncol 


t 

toot. 


tie. 


'•Sm?^ 


^ 


tmled. 


Walgbtitftle. 


^^ 


No. 


SSr 


-^. 


iiMt- 


Dl- 


ttaok. 


S 




X 

IS 
IS 

IS 

1 

n 

i 

az 

1 
1 

23 

1 


38. 4B 

«l!7I 
37. IB 


3.00 
1.93 

3.75 






Put a. 


'si 

tf.S 

1 

M.8 


"1 

ISl 
ITS 

1 
1 

104 

1 

129 
122 

1 

1 
1 

153 

1 

108 
104 

IS 

150 

121 
10* 


a? 

ISO 
61 
M 

91 
182 
72 

i 

14 

28 
M 

28 

1 

38 

32 
88 

42 

64 
96 

62 
53 
18) 

61 

68 
130 

154 

1 

182 
J8 
134 

1 

28 
236 


.... ^. 
S7 

""■"182" 

i 

22 
08 

20 
.... „. 

i 

24 

130 

5! 

86 

las 

90 
157 
U« 

1 

123 

18S 

113 

ii 
1 


^rt 


•J 


Ts 


•^s 




MB 




8.6 


e.4 




















10.1 








11 

3J.1S 

II 

li 

11 
11 

stirs 

SI 

M.SO 
30. XI 

li 

38.70 

II 

37.60 

11 

36174 


1.82 
3.S6 

li 

2.47 

li 

li 

II 

i.es 

3.43 

11 

11 

11 

3.28 
2. SI 
2.72 

i 

ii 

li 

if 

2.26 
2.21 








46.' 
40.4 
33.0 














U 


"A 


».:S 




5.01 










32:6 

li 

42.S 

a! 

M.6 

Is 

44.1 

If 

BLO 

«.o 

so!i 

1! 

43! B 
B8.B 
36.7 

ii 

36! 
29. 3 
43.8 

39.1 

39.4 

310 
«. B 

1? 

4s!l 




































7.7 


ia.1 










16.0 




3.ao 
































U 


S.4 

S.0 


olo 




.0] 
.TO 
































30 


10.8 


11.6 




8.31 


H 


laa 


11.2 




3M 






















M 


^8 


SS 




5! 10 












fn 


&0 


laa 








7.3 


lao 






« 


8.4 


elo 














































« 


10.0 


11.8 




























8.3 


7.8 




.a 






















SB 


il! 


it I 




t.D 


sg 


6.0 


6.9 








11.3 


8.7 




ts 



*SaiTed loipenatntiDDdeUirmlusllDiis, and therelcffeiH 



Table 7. — Oeneral recordt on the individa/il tM« — Contiaued. 

RUE PINO— RED OAK— Continued. 





Ko.ot 


OTBn. 
weight 


"Til" 


Araraga nnmbw 
of imDoal lings 
permcbln— 


Si. 


Hoif 


Weight of Ue. 


Absorp- 

Ji 

[ooL 


ff 


Hwrt. 
wood. 


wood. 


before 
treat- 


after 


tract. 




1 
i 

1 

IS 
35 

36 
26 

36 

26 
36 

i 

37 
27 

27 


31.80 

SI! 

34.19 

li 

13. 4S 
«.42 
41.84 
40.33 
10.09 

S| 

S9!«0 
40.02 
38.13 

li 

3S.30 

li 

37. 3t 

II 

36. 4S 
3S.64 


11 

3! 82 

lis 

3.M 

IS 

SLU 
3.48 

li 

3.38 
2.34 
3.04 

3.11 

3.73 






Pact. 


"ii 

4»:o 

ft 
1! 

30.0 

2:S 

80.3 

Is 


1 

130 

1 

is 

130 

m 

is 
i 

1 

160 
140 

135 

i 
i 


1 

1 
1 

1 

a 

1 
1 

i 

1 

103 


Pound! 

1 

137 
38 

US 

-m 

1 

1 
.... „. 

73 

""■ m 
77 

131 

.... „. 
37 

36 
137 
183 


Pound.. 










1.80 
5.68 


M 


14.5 


17.0 




















5.94 
4.6B 


ee 


7.3 


11.2 




■?! 




7.7 




6:so 

10.0 

7.00 
6.01 
















i 
i 














11 


H 






9.1 
7.7 


15.8 

11.0 




sa 








8.7 


e.> 
















|S 

3.SS 

3.38 
2.99 

3.64 
3.47 

3! 01 

3.38 
2.40 
3.13 








ii. 

46. 
48. 

Si: 

48. 
49. 

BL 

44^3 

Si: 4 
60-4 


11 

4.03 

a 

s:o5 
IS 










89 

m 

91 


8.8 


8.1 




18.3 


20,0 
















« 


7.S 


i's 




» 
100 














17.8 


s 













fulia;ell creosote— red oak. 







■ 138 


•174 


189 






■152 




i!S 












7,8 


48,1 




; 1* 






















































































si* 






199 


















128 


m 



II penetiBllon df terminations, si 
ment. 1 Weigh- •-' — "- 

'—Bull. 126—13- 
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FBESEBVATIVE TBBATMENT OF CBOSSTIES. 
Tablb 7. — Qentral reeordt on the ivdividtuil tiei — Continued. 

FULL-CELL CREOSOTE— BED OAK-ContLnirad. 



Anngs unmber 
perlncblD— 



3B.SBtt) 



■■"228 


iia 


180 


18.0 


172 


J;l 


187 


13.J 


180 


10. S 



* Saved Ibr penetrathm determinattons, imd theratore not laid In track. 



Weight beCms brat traatmant. 



• Wal^ttRerfiiwItr 



Table 7. — General remriU on the individual tie» — Continued. 
FULL-CELL CKEOSOTE— RED OAK— Continoed. 





No. or 

•E. 




VoU 


^ESt^"^ 


So^ 


S 

treated 


WBight of llo. 


Abserp- 
tlOQ 
per 
toot. 


Track 
Ko. 


^ 


Sap- 
wood. 


Dl- 
treat- 


Dl- 


tract 


I^ 


31 

1 

32 
32 

33 
32 
32 

33 
33 

34 

33 
34 


Poumto. 
36.30 

S.g 

32.61 

II 

6:52 

sios 

31.90 
37. IB 
36,02 
36.23 
3G.59 


3^/' 

2^6 
3. 

2! 

2. 

1. 7 
3. 3 

2, 2 
2,30 

2^45 
3.06 


8.0 


S.3 


Pact, 
li.i 

3i.i 


ft-- 

li 
li 

46:7 
^1 

57:6 

45.4 

11 

40,9 

II 

46.1 


1 

132 
138 

138 

126 
121 

136 
134 

64 

03 

61 


68 

66 

73 
202 

54 

38 

63 
52 

32 
40 

62 


"" 44 

42 
67 

43 

1 

37 
87 


P^ 










in 


a.4 


12.5 


























15: B 

|i 

8:i 




isi 


slo 


a! a 


if 










[SB 


8.7 


8.0 


la 
















































12. S 




'a? 


21.3 


35.2 










i!:! 































BURNETT— BED OAK. 





No.01 


dry 
wetsht 
per 

hot. 


Vol- 


rio'E^l^rlDCh 


w^ 


Mols- 
ln"uB 
llEated. 


WelRhtoflio. 


Alenrptjon 

-Si'" 


X' 


w^. 


a. 


Dl- 
meet. 


1)1- 

s 


laying 


Solo- 
es per 
oeat). 


s, 


s, 


36 
SG 

n 
1 

35 

1 

36 


Is 

36: 03 
40.88 

II 


11 
2:91 
2:86 


10.2 


S.S 


S 


42:0 
4d:6 

|! 
48:6 


40 
S3 

1 

36 

1 

4B 


Lbt. 
156 

140 

i 

19» 

1 

188 

m 


lis 

'■"64 
135 


li.2 

10:7 


ti> 


204 


8:4 


10.6 


.30 
.46 












































36-75 

3b:ib 


3,70 






ILS 


40:8 

48: 1 


i 


1^1 






3.7 


6.fl 


■" 


SIS 


B.0 


8.8 












il6 


8.4 


13.5 


17.8 .M 



3t laid in track. 
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Table 7. — Qerieral records on the individual (ie»— Continued. 
BDRKBTT-RBD OAK— Continued. 



X 


% 


•5 


Vol- 
of 


rtoge^lnob 


a. 


Uois- 
tun 

treated. 


Weight of U>. 


Absorption 


5S53: 


^. 


Di- 
rectly 
beTom 
treat- 


Di- 
ment. 


BetOn 


8olu- 




44 

4S 

41 

45 
45 

4a 

45 


4L31 
Miss 

39! 10 

3B.7B 
3S.I1 
35.89 

Si 

as! 39 
34! 76 

3S.S5 


11 
2^70 

2!S4 
S.W 

i 

2.96 
2:57 






Pad. 


49.6 

39:4 
sail 

39: 

48! 

45:2 

61! 
40. B 


153 

200 
164 

68 
154 

09 

73 

50 
28 

SS 


227 
232 
207 
218 

145 

224 

205 

183 

229 


Ua. 
229 

171 

187 

19 

45 
74 

47 

63 


19:8 
24." 7 

isis 

22.6 
17.0 


*. 
















V».1 




•2SS 
3S2 


•SI 




59 










286 


loia 


0:4 


7.5 
20! 6 

ML 2 
7.9 




























Ml 


19.7 


17.1 


n 


















































3M 
300 


41 


16; 


62 
55 



BURNETT-MAPLE, 



"Sf 


Bbaige. 


ouMo 


Vol- 

T 

tie. 


b^ofrnmnal 


Sap- 
wood. 


Uois- 

s 

ti«Bted. 


Weight of tte. 


Absorption 
pereublo 


Heart- 
wood. 


A. 


meut. 


Di- 

s 


Before 
track. 


^'°" 
K 


£7. 


« 


46 

46 
4S 

40 

4a 

46 
46 
16 

■ 47 
47 

S 

17 
47 
47 


Lbi. 

25.81 
35.15 

11 

35! aa 

&s 

Is 
II 

Is 

l;i 


Cu.ft. 

1 

3.98 

1 

ioi 

.06 
.86 


24.2 


17. B 


iTrrt. 

2J:7 

92:0 
70.6 
60.8 
56.2 
90.0 


Pirct. 

23.6 
41.2 
34.1 

38.4 
66.9 

35:0 

33:5 

II 

32! 7 

29: 9 
42.7 


Lb,. 
140 

1 

53 

29 

62 

42 
08 

64 

1 

40 

1 


Li,. 
»0 

g 
1 

22s 
16* 


206 

184 
63 
51 

158 

66 
54 

!S 

40 


27: S 

23.0 

li 

20:3 

M 
1 


Lb,. 










s 






.30 


305 


22.7 


40.0 


.69 


















H 


2S.0 


15.8 


.60 


il 


27,2 


26.0 


■1 








69.6 


















Is 

m!s 

11 






13.8 


13.0 


.50 




















3a7 


26.0 


I47 
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PBESEBVATIVB TBEATMENT OP CROSSTIES. 

Table 7.— General reeonlg on the individual ties— Contiaixed. 

B URNE TT->y A PLE-Conllnued . 



berDTaiiDual 

liBga p«r iDch 



ITOOd. ITOOd. 



id UieielOra not lal 
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Table 7. — Otneral reeordi on the individual tUt — Contiaued. 

BURNETT— MAPLE— Con tlDued. 



TraiA 
No. 


No. of 
cylln- 




Vol. 

a,. 


Tines pel Inch 


^ 


Mols. 


Weight of tie. 


'^ 


Heart- 
wood. 


Bsp. 

wood. 


s 


ti¥at- 


Before 


Solu- 

<2iper 
cent). 


S. 




M 
M 

M 

55 


Is 

35,10 

32! as 

11 


J 
lis 






Pwa. 


Per a. 

II 

38.* 


Lbt. 

104 

1 
1 

1 

98 
134 


222 
202 

158 

1 

272 


Lbt. 

m 

160 
188 

12 
25 


Lbt. 
1B.9 

2a6 


LH. 


S 


20.0 


22.6 


83! B 












^ 


27.8 


IS,0 


89.5 




3S8 


21.2 


as 


1! 


.41 






























































J!:!? 
11 


a 

1 








43.0 

31:8 


27.2 
24.2 




396 


Mis 


8.2 




'.n 




«,S 


20.0 


79, a 


:« 



EUEPINa— MAPLE, 





No. or 

cjlio- 


Oven- 

.a, 

toot. 


uS-ot 


^rsjss 


w^ 


MolB- 
ture 

Iretilod. 


Wettbtottle. 


Absorp- 
tion 

5 


No, • 


;a 


,*. 


Dt- 

Si 


recur 
Bfler 


Bsbre 




65 

1 

Si 
66 

i 

66 
67 
67 


1? 
II 

2S:7B 

Is 

35.78 
38: SO 

36:77 

ii 


11 

2:79 
2:86 

If 
2:84 

3:1s 






66.6 
62.7 


''V; 


111 

106 
IDS 
136 
94 
29 
01 
SO 
SB 

1 

40 

128 

42 
122 


90 
129 

7 
09 

SO 

168 
42 

1 

166 
1S6 


148 

127 
87 
25 

■""■ 59 

57 
40 
53 
63 


FWldi. 


•*« 


18.1 


13,3 


3( 
3( 

3: 

i: 

2t 
31 

i 
1 




JfiS 








£J 




4M 


20.0 


11,1 










70:0 




407 


27,6 


!i:S 


lU 


















6S,5 

69, S 

62: 
70.0 

70:8 






V;.t 


32: A 






































27. \ 


17.8 


07:4 
87.7 


330 


























C3 


18,7 


26,6 


1.84 



* Sawed for peneuatlon delsimlnatlo 



d theietoce not laid in tract 
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PBBSEBVATIVE TBEATHSNT OF CBOSSTIBS. 
Tablb 7.— Oerieralrteord»<m the individual tit»—Coatiii}ied, 

BUSFINO—UAPLE-CiKlUlllwd. 







Otcd- 

A. 

foot. 






ATan>«e number 
of amiiul rings 
per inch in— 


a. 


Hols- 


W«WitaftIe. 


Alwirp. 


'fflf 


tie. 


Oetit. 

wood. 


^. 


ft£ 


tro»l- 


caeUy 
after 


tract. 


424 
42t 


87 
07 

i 

S3 

m 
OS 

B2 
82 
82 

i 

88 

i 

88 
88 
88 
«S 

as 

i 

80 

i 

as 

02 

OB 

70 

i 

70 
71 
71 

1 
1 


II 
11 

38.34 
35. 0S 

JS.1S 

as! 62 

38, « 

II 

30.78 

30.30 
3«!47 

11 

11 

3«.S7 
33.82 

Is 

38. S3 

11 

Is 

SS.20 

11 

30.00 




'i 

80 

1 

30 

58 
30 

00 
81 

08 
03 

1 

49 

i 

N 


11.8 
2S.R 




47fl 


1 
1 
1 

2t 

31 
32 
28 

eo 

i 

2i 

21 
20 
30 
27 


i 

4 

I 

2 

I 

8 

? 

! 


"1 

110 

1 

154 

125 

127 
138 

129 

i 

108 
I4S 

110 

i 

183 
IBl 

168 

138 
168 

165 


1 

158 

18 

82 
127 

54 

70 
79 
3S 
66 

38 

30 

78 
SI 

SS 

77 

a 

1 

248 
2S 

50 
30 

83 
32 

58 
84 

I 


41 
39 
55 

i 

17 

25 
30 

65 

:s 

84 
50 

1 

62 
60 

«3 
64 

'i 

00 

u 

30 

i 

159 

m 

i 

85 

S 

54 
150 

""m 

170 


IS 
























*"4SiO 




4S1 


K 


1S.B 

20. S 
Zfi.O 


IS 

4.50 




































76: S 












139 


27.4 


26.8 














18.e 




80.4 


1'S 








eoi? 




































B0:7 
58!] 




t*» 


Is 


13.3 
26.3 


a 




,87 
.80 

s:2i 

!8e 

.08 

'.M 
.78 








413 


^:S 


lii 


Is 

40.8 

80.8 


















28.8 
30.0 

Si 

28.7 

34.1 
26.7 














22.7 


20.8 


r^ 




18:1 


\ti 


04.8 

ools 

71.8 

S2.1 


4. 78 












12.8 


2S.& 






3.06 

a 

it 

3133 

II 




31:7 










00.0 






21.1 


28.1 








28: 1 

33.4 

37.2(r) 

38:8 
38.3 

34: S 










|:i 

82! 3 




















tn 


17.S 


21.0 


4.90 


473 




17.1 


81.1 










'it 




















47S 


a 6 


IS.' 4 






80.04 
31.80 

11 


3.37 

i 


73. S 


33.6 

|1 












^ 


Vo 


u!t 


33:3 

30.2 


.19 



















* Sawed lor peiietrBUon detsmiliiadona, and therafoia not laid Id ti>ck. 



Tabu l.—Oentral recordt on the inMvidital tie» — Continued . 

RUEPINO—UAP LE— Continued . 





■Sa.Ot 


3; 

5 


Vol- 
to. 


of umusj rtncs 
perlnohin- '^ 


^. 


Uol» 
treated. 


Weight or Ha. 


Absmp. 




Heart- 


eo^ 


s 


s 
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1 

71 
72 

7 

7 

P 


FWub 

34! 04 

II 

33! IS 
3i.50 

■ 'm.os' 

1 


IS 

II 
1 






Ptra. 

S8.7 

83! 3 


at: 5 

»:» 

28. 2 


Promi. 
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1 
1 
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ACCimACY OF IHB DETERMIHATIONS. 

In computing the precision of the determinations the volume of 
the ties was assumed to be 2.68 cubic feet, which represents their 
normal size, and the weight 125 pounds, the approximate weight at 
the time of treatment of a tie of the normal siae. However, the 
greater portion of the ties were larger than this, llie magnitude 
of the error in the determinations, expressed in per cent, decreases 
as the size and weight of the ties increases, and the size and weight 
assumed in the computations have, therefore, a tendency to make 
the computed error greater than the true precision of the determina- 
tions for any particular tie. 

The scales used were all tested, and errors due to their inaccuracy 
were found to be inappreciable so far as the reaults of the experi- 
ments are concerned. The maximum inaccuracy of the thermom- 
eters over the range of temperatures used was 1 " F, The pressure 
gauge on the treating cylinder had a constant inaccuracy of 3 pounds 
with the higher pressures, and the vacuum gai^e had a maximum 
inaccuracy of 0,3 inch of mercury. The effect of these errors would 
be inappreciable on the experimental results, and no corrections 
were made tor them. 

TIE VOLUMES. 

Errors in the determinations of the volumes of the ties might 
arise from three causes: 

(1 ) Inaccuracy of the reading of the gauge glass. 

(2) Inaccuracy of the cahbration of the tank. 

(3) Absorption of water by the tie during its immersion. 

The gauge glass was graduated to 0.01 and read to 0.005 of a foot; 
the maximum deviation of any one reading is therefore ±0.0025 
tank-foot. Since the volume of the tank was 1.72 cubic feet for 
every foot in depth, the maximum deviation amounts to ±0.0043 
cubic foot, or±0.16 per cent of the assumed volume of the tie. The 
volume of the tie depends upon two observations; hence the maxi- 
mum possible deviation of the results equals±0.16x2, or±0.32 per 
cent. The maximum deviation is very unlikely to occur, and the 
error in reading the gauge glass is most hkely to be between±0.2 
and ±0.3 percent. 

In the calibration of the tank there was a maximum deviation of 
±0,022 cubic foot for each foot of depth, and since the volume of 
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70 PRESERVATIVE TREATMENT OF CROSSTIES. 

the tie (2.68 cubic feet) required 1.56 tank-feet, the maximum possi- 
ble deviation from this source amounted to±0.034 cubic foot, or 

± 1 .3 per cent. 

Except in a very few instances the absorption of water by a tie 
during its immeraion was found to be not more than 0.02 foot on the 
gauge glass for a tie of 2.68 cubic feet volume. It seems probable that 
most of this absorption occurred before the reading of the gauge 

(during the immersion of the tie) was made. Therefore, the differ- 
ence between the reading of the gauge glass after the tie was removed 
from the tank and that made during its immersion was taken as the 
measure of the volume- of the tie.' Even under the supposition that 
the rate of absorption of water by the tie during the time of its 
immersion was uniform, the maximum error could not have been 

more than '„ , or 0.01 foot, on the gauge glass. Moreover, it is 

believed that the interval of time between the reading of the gauge 
and the removal of the tie from the water was shorter than that 
between the imm^^ion of the tie and the reading of the gauge. The 
absorption of an amount of water equal to 0.01 tank-foot between 
the high and low readings would produce an error in the volume of 
a tie of +0.0172 cubic foot or -(-0.63 per cent. 

The maximum deviation of the determination of the tie volumes, 
considering the several sources of error mentioned, therefore = 
±0.3±1.3= ±1.6 per cent, added to which is the maximum error 
due to absorption of water by the tie of +0.6 per cent. The maxi- 
mum deviation is very unlikely to occur, and the error in this determi- 
nation is most likely to be between ±1.0 and ±1.5 per cent, to which 
must be added the maximum error of +0.6 per cent. 

OVEN-DET WEIGHTS. 

Errors in the determination of the oven-dry weights in the ties 
might arise from two causes : 

(1) Inaccuracy of the webbings. 

(2) Variation in the specific gravity of the wood throughout the tie. 

Since the displacement weighings were made to the nearest one- 
half ounce, the greatest deviation of any one weighing was ±0.025 
ounce. The sections generally displaced 2$ ounces, or more, of 
water. Assuming this weight as a basis for calctilation, the maxi- 
mum percentage deviation due to each weighing was ±0.89. The 
determination depended upon two weighings and, therefore, the 
maximum deviation of the determination equals±0.89x2= ±1,8 
per cent. The maximum deviation is very unlikely to occur, and 
the error in this determination is moat likely to be between ± 1.0 and 
±1.5 per cent. The weights of the oven-dry sections were made with 

> Tbe tiM ir«re allawed to drip Into UiB tank (or a ihort time titer betng remsTcd tram thB watar. 
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such accuracy that no appreciable error was introduced at that 
point. 

The sections for the dry-weight determinations were cut at ran- 
dom from either end of the tie. It is known that the specific gravity 
of the wood in a tree varies with the height from the ground, but no 
tests were made to ascertain what this variation was between the 
two ends of the ties. Determinations made by the Forest Service 
on a red-oak tree, in connection with strength tests, indicated a 
mean variation of 2 per cent in the specific gravity between points 
8 feet apart. If the same variation existed in the ties an error of 
±1 per cent was introduced by computations of dry weight from 
sections cut from one end only. 

ABSOEPTION.' 

The determination of the absorption of the ties by weights in- 
volved four weighings — twojuat before the ties entered the cylinder and 
two just after the completion of the treatment. The weights were in 
each case obtained by differences; i. e., the tram was placed upon 
the scales and the beam of the scales was balanced before and after 
a tie had been placed upon or removed from the tram. Weighings 
on the tramcar scales were made to the nearest pound. Therefore 
the greatest de^tion each time the scales were balanced was ± 0.5 
pound. Assuming a tie of 2.68 cubic feet treated with 12 pounds of 
preservative per cubic foot of wood, this amounts to an error of 
±1.6 per cent. Since the weight of each tie was obtained from a 
difference of two weighings before and ^ain after treatment, the 
determination, of absorptions required four weighings. The maxi- 
mum deviation of the determination is, therefore, ±1.6X4" ±6.4 
per cent. The maximum deviation is very unlikely to occur, and the 
error in this determination is most likely to be between ±3-0 and 
±4.0 per cent. In the case of the ties which absorbed more than the 
assumed weight of preservative the error is proportionately leas, while 
for an absorption of 5 pounds of preservative per cubic foot of 
wood the error in the determinations most likely to occur is probably 
between 7 and 8 per cent. The most likely error in the measurement 
of the absorption of a cylinder charge as a whole when determined 
from a difference of weights of the entire charge is probably between 
±0.25 and ±0,35 per cent, if an absorption of 12 pounds of preser- 
vative per cubic foot of wood is assumed. 

It has been claimed that the chief inaccuracy in the determination 
of the absorption of preservative in timber from weights is caused 
by a loss of moisture — sap, resins, and other substances — during 
treatment, so that the absorption of an equal weight of creosote is 

ndoocs lor a few days before treatmeot Id ecder U eUnlnale 
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72 PEESERVATIVE TREATMENT OF CB0SSTIE8. 

not detected by the weighing.' That any very appreciable int^ 
change of this nature took place in the experiments deacribed in this 
bulletin seems mc^t unlikely, since the ties (excepting possibly the 
red-oak ties treated with gas-house oil) were well seasoned before 
treatment. Also the analyses of the creosote made during the 
prepress of the treatments show that there was approximately the 
same percent^e of water in the creosote in the measuring tank 
after a large number of treatments had been made as there was in 
the creosote in the storage tank before any of the treatments were 
begun.' 

The error from the dripping and the volatilization of preeervative 
between the time the cylinder door was opened and when all of the 
weighizigs had been completed is believed to be negligible. The 
greater part of the drip was caught in the cylinder and returned to 
the measuring tank before the cylinder door was opened. Only a 
slight amount of drip subsequent to this and before the weighings 
had been completed was noticed.^ 

WEIGHT OF TIBS BEFORE PLACEMENT, 

Since the scales used in weighing the ties before laying in the track 
had a precision of 0.5 pound, and only one weighing was necessary, 
the probable error was evidently inappreciable, as compared with 
the determinations of weights of the ties directly after treatment. 
It is, therefore, not necessary to consider it. The same number of 
significant figures have been retained in each case, however, because 
of the fact that the weights of the ties before laying in the track are 
of interest onl^' in connection with the weights taken at the time of 
treatment. 

BRBOBS IN UEASmtEHENTS BY FIX>AT aATTOES.* 

Although the absorptions recorded in this buUetin are obtained 
from the weights of the ties before and after treatment, it is believed 
that a discussion of the inaccuracies inherent in float-^auge measure- 

1 Neceasarllj', the only dlSereuoe in the weight of tbe timber ftomsuiaterchuigeoC equal volames would 
be due to the dlflarBn<» in the apeciflc gravities of the subatvicea ieeving the wood and the praservtitive 
la question at tile trESllug temperature. And Ibis dlSerence is uausUj' BinBll. Likewlw, irtiere meosuriuf- 
tank gaugee ere relied upon, the pBafeat diflBrance that could l» detected in the readlnga duo to such an 
iDterohange would be due to the difference in the eped^ gnvlties of the two hquida, which in this ctaa 
would cause 1^ float to change ItspOBltion with respect to the butCehs o[ the liquid. Alai, where tampera- 
lure corrsctions of the measurlng-tanlr readings ha™ to be made, a dtflerenra hi the coellleienls of eicpan- 
eion of the two liquids ndght produce aome change in the calculated refiultq. However. In eit^r case the 
effect on the resulla would not be noticeabie unless the vcdameaal liquids exchanged wete eompaisllTely , 
large. A discussion of the Mcurscr of Koat gauges Is given elsewbere In thejippendli. 

• See pp. 3IM0. . 

' The moflt noticeable amoimt of drip occurred after treatments of red^nk ties by the Rueping procet^. 
It has been suggested that it the ftaal Tacuum liad been held lor a longer period the dripping of these ties 
BUght have b«ai ndnoed. 

• The gauge board used In tbe experiments discussed m thig bulletm la shown m figure 1. It la believed 
that the only material diflerence between the horizontal gauge here shown and the vertical type In cominon 
uee to the Iwger number o( pulleys and the longer mnnectuig wire li ' ' 
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ments will be of value to those interested in the wood-preeerving 
industry. The cause of many of the errors is the different tempera- 
ture at which rarious readings of the gauge are made, which affects 
the volume and density of the preservative fluid, the capacity of the 
measuring tank, the size of the float, and the length of the gauge 
wire. Another source of wror lies in the inertia of the gauge and the 
friction of the pulleys. Besides these errors, whose mf^itude can 
be calculated with more qr less accuracy, there are other errors, the 
magnitude of which is not readUy det«rmined. 

The various errors are illustrated by examples in which the follow- 
ing values are assumed: 

Tempeiature of the pTeservative at the initial gauge reading in degrees F.= 

203==* 
Tempenture of the preHervative at the final gauge reading in degrees F.= 

165°=i, 
Specific gravity of the preservative (aaeumed U> be creoBote) at temperature t= 

1.028=8, 
Specific gravity of the preservative at temperature (,=1.044=S, 
Depth of preservative in feet at the initial gauge reading (at temperature 0*^ 

10.45' =.L, 
Depth of preeervtitive in feet at the fini;! gai^ reading (at temperature t,)= 

(SANQK IN VOLUME OP PRBSBRVATrVE WPrH OHANOB IN TEMPERA- 
TUBE. 

Assuming that at the time of reading the gauge the temperature 
of the preservative is the same throughout the tank, the foUowing 
equation is used for correcting the volume of the preservative for 
temperature change: 

v.-v.|-v.(l:^)-v. 1.016 

in which Vt = the volume at temperature t, and Vj the volume at 
temperature t^. The assumed final reading is 9.56 feet, which he- 
comes 9.71 feet when the correction is applied. The error due to 
expansion of the oil is in this case 0.15 tank-foot, which is equal to 
20 per cent of the corrected absorption.' 

CHANGE IN VOLUME OF MEASURING TANK WITH CHANGE IN TEMPEKA- 
TURB. 

If u represents the area of a cross section of the measuring tank at 
temperature t, and k the coefficient of expansion, * then 
«[l-((-ii)2it] 

' The cliange in gravity of creosote with cluuige In tempaaturaisIoiiDilb;Uie.equstkinSi— Si-l-((— ft)/, 
In which /l3 a (wnalant with the tbLu« 0.00043. For gas oils ''-0,00036 (Sir Bovenon Redwood, Petroteum 
uidluPioduct3,2ded.,p.aej. AtaUeoClliespsclAcEiSTltlesofiliic.eliloHdsoliitloiislstlvenaiip. S£. 

■ ?oi wrought iTon or mild SU«L Ihla amaimts lo 0.00000973 p« d^ree F. fiet unit lentUii Uwihanliwl 
EnHneera' Pocketbooli, by Wm. Kent, 7th edillon, p. 3S6. 
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74 PRESERVATIVE TBEATUENT OF CBOSSTIE8. 

will represent the area at temperature t,.' The heights of a given 
volume of liquid are in inverse proportion to the corresponding 
areas of the cross section of the measuring tank. Hence, if L, repre- 
sents the height Ij, corrected for change in temperature of the tank, 
u I., 

«[!-((-(,) Si:]'*' L, 
or 

L,-.L.[l-(i-(,)2ifcl 
The change in height of a given volume of the preservative due to a 
change in volume in the tank = L,— Li = L, [l — it — t^) 2it] — Li, = — L, 
((-(,) 2k. 

By substitutii^ in this equation the values given in the example, 
L, -L, = - 9.56 (203 - 165) 2 X 0.00000673 - - 0.00489 tank-foot. 

The change in volume of the measuring tank has, therefore, a 
tendency to make the indicated absorption too small when the 
temperature is less at the final than at the initial gauge reading. 
The error in the example given amounts to 0.66 per cent of the 
absorption.' 

CHANGE IN POSITION OF FLOAT WITH CHANGE IN ITS VOLUME. 

A change in position of the float with respect to the Surface of the 
preservative will be effected by a change in the volume of the float 
with chaise in its temperature. Since the displacement is assumed 
to be constant, the problem may be solved similarly to the preceding 
one. 

Although a part of the submerged portion of the float is conical in 
form, it may be considered as a cylinder of the same diameter and 
equivalent volume. Calling pt the submei^ed height of the float at 
temperature /, and p, the submerged height at temperature t,, 

The float was submei^ed to approximately the top of the cylindrical 
portion (fig. 23) ; therefore. 



''•-O+s)-"™*'^-!?'""- 



Substituting this value and the other values in the example chosen 
in the equation, 

Pi-Pt = ^ (203-165) 2x0.00000673-0.000142 tank-foot. 

The submeiged depth of the float is 0.000142 foot less at tempera- 
ture t than at f„ on account of its change of size; it accordingly 

> It 13 asumed that tbe oaeMdent of smboe eipendon with change In Mmperatuie ii twice Uiat ol nned 

MmpeiatiiTa of thi 
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floats higher (i. e., the portion of the float above the surface of the 
liquid is higher at the higher temperature). The error amounts to 
0.02 per cent of the absorption. 

CHANGE IN POSmON OP FLOAT WFIH CHANGE IN SPECIFIC OBATITY 
OF PRESERVATIVE. 

When the temperature of the preservative changes from t to t,, its 
specific gravity changes from Sj to S,.- Since the efEective weight of 
the float remains the same in both cases, the volume of the preserva- 
tive displaced must change in order that an equilibrium of forces 
may be established. The change in the submerged volume of the 
float is in inverse proportion to the change in specific gravity of the 
preservative. Callii^ u the area of cross section of the cylindrical 
portion of the fioat,, p^ the effective depth of submersion of the float 
at temperature t,, and p, the value of p, corrected for a specific 
gravity of the preservative correspondii^ to the temperature (, then, 



y,-.j'.-i>,(i-|) 

Applying the specific example to this equation, 

Pi-2'i = |^l-pg||)= -0.00432 tank-foot. 

Because of the decreased specific gravity of the preservative the 
gauge floats higher in the cooler oil, which in the example given tends 
to make the indicated absorption too small by an amount equal to 
0.59 per cent of the actual absorption. 

TAEIATION IN LENGTH" OF GAUGE WIRE ■WITH CHANGE OF TEM- 
PERATURE. 

The measuring-tank gauges were entirely under cover, in a position 
not much affected by drafts or changes in temperature of the air. 
It seems fair, therefore, to assume that the temperature of that por- 
tion of the gauge wire which was outside of the tank (i. e., beyond 
the tank cover) was approximately the same at the b^inning and 
end of any treatment, and, since a very fine wire was used, that the 
portion of the wire emerging from the tank with a rise of the float 
reached room temperature before the gaiige was read. It also seems 
probable that at any given time the portion of the wire which was 
within the tank (i. e., between the float and the tank cover) was at 
approximately the same temperature as the preservative and vapors 
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which Uie tank contained. Under these conditions the change in 
length of the wire between an initial and a final gauge reading at 
temperatures t and t^, respectively, is represented by the equation: 

in which h, equals the change in length of the wire due to the change 
in temperature from ( to *,, and It and ?, represent the length of wire 
within the measuring tank at the initial and final gauge readings, 
respectively,^ and 1, the room temperature. 

Applying to this equation the values given in the example, h^'= 1 .55 
(166-203)0.00000673 + (2.44- 1.55)(166-7O)0.O0OOO673- -0.00040 
+ 0.00057 = 0.00017 tank-foot. 

When the temperature of the measuring tank fell thfit portion of 
the gauge wire within the tank contracted; but since the level of the 
liquid was lower at the end of the treatment, a- portion of the wire 
was drawn in from the outside, which expanded because of its in- 
creased temperature. The total result was a amall. increase in the 
length of the wire. This would tend to make'the indication of the 
gauge at the end of the treatment too high and the indicated absorp- 
tion too low by a corresponding amount.' Hence the error, which 
amounts to 0.02 per cent, is of the negative sign. 

POSrriON OF INnlCATOR AS AFFECTEP BY BgSISTANCB IN THE GAUGE 
AND DIFFERENCES IN TENSION IN THE GAUGE WIRE. 

In order to make the readings of these measuring-tank gauges as 
sensitive and as accurate as practicable, they were constructed 
according to the following principles: 

Calling the weight of the float in pounds, W; the resistance of the 
gauge (which includes the frictional resistance of the pulleys, the 
resistance of the wire to bending about the pulleys of one gauge, etc.) 
expressed in pounds, r; the weight of the counterweight in pounds, 
W; and neglecting the weight of the gauge wire and tTie effects of 
differences in surface tension on the float, then. 

The upward pull on the float during any period in which the 

level of the liquid is dropping = W! + r, 
The upward pull on the float during any period in which the 
level of the liquid is rising = w; - r, 
and 

The difference between these, two upward forces on the float = 
(wi+r) — («; — r)-'2r. 
There will, therefore, be two different positions of the float and two 
corresponding different positions of the float and two corresponding 

1 That part at the float vhich yis between the surfeoe o( the pteserratiTe and the n-ira la iDcluded 
In Iiandli. since ilacoemGient at expulsion is practlcaUi'theaameasthat of Chewlie. fa=(11.00— lHUt 
=1.66(neatlr)Ji=(12J»-9.5B)=2.M{neartj). 
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petitions of the gauge for any given level of liquid in the measuring 
tank, depending upon whether this level has been rising or falling 
just previous to the time of reading, the force, 2r, being a measure of 
the difference between these positions. Calling d the difference in 
feet of the height of the float in its two positions for a given level of 
liquid; A, the area of cross section of the float in square feet; and S, 
the weight per cubic foot of the liquid at the given temperature at 
which it is being measured, then, 

2r=AdS 

or . d-^ 

. S is a constant so far as this discussion is concerned, since it depends 
entirely upon the particular liquid to be measured and its temperature. 
It is evident, then, that in order to make the magnitude of the pos- 
sible error, d, in the gauge readings small, the resistance, r, in the 
pulleys and wires should be made small, and the area of cross section, 
A, of the float should be made large. With this end in view, the diam- 
eter of the float was made as large as practicable (18 inches), and a 
fine-gauge piano wire was used to connect the float and the counter^ 
weight; the pulleys were of turned brass with large pins to reduce 
friction (silk gimp and also phosphor-bronze wire were used instead 
of the' piano wire in some of the treatments). The counterweights 
were just sufficiently heavy to keep the wires taut across the gauge 
board. 

The floats are made of heavy galvanized iron. The pipe shown 
near the top (fig. 23) is to permit the passage of air to or from the 
interior with the changes of temperature to which the floats are sub- 
jected. The pipes may be removed, and sand, shot, or other material 
may then be introduced into the floats to give them suitable weight. 
The bends in the air-relief pipe are to prevent the preservative from 
spattering through into the interior. The bottoms of the floats are 
made conical so that the center of gravity of any weighing material 
which may be placed in them will come to a stable position at the 
bottom. The floats were weighted euflS^ciently to sink them as far as 
the tops of the cylindrical portions when placed in water- 
In order to ascertain the magnitude of the error due to the resistance 
of the gauge, water at approximately 70° Fahrenheit was run into 
the measuring tank, and after a certain amount of it had been slowly 
drawn o£E (in order to have the level of the water falling) a gauge 
reading was taken. More water was then drawn off and carefully 
poured back into the measuring tank, without, however, agitating 
the surface of the water in the tank. The tank then contained the 
same quantity of water as when the first gauge reading was taken. 
A second reading was then made. The difference between these 
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two readings waa taken aa twice the resistance of the gauge.' This 
error was found from a large number of trials to have an average 
value of one-eighth inch, or 0.0104 tank-foot. While it might seem 
that the readings could be corrected for this error from a knowledge of 
whether the general level of the liquid had been rising or falling just 
previous to the taking of a given reading, it must be borne in mind 
that during the treatment the surface of the liquid in the measuring 
tank was more or less Stated, especially while the preservative was 
being returned to the tank. On account of this agitation it was im- 




FiQ. 23.— CaaatruntiDa of tbe floats used. 

possible to know in which direction or to what degree the correction 
should be applied. It must, tiierefore, be treated as an error whose 
sign is indeterminate. The error amounts to ±1.4 per cent of the 
assumed absorption for each reading of the gauge. Since the deteiv 
mination of absorption depends upon two readings, the precision 
measure of the determination ■=■ ±1,4 V2=- ±2.0 per cent. 

1 This dlOerence also included the ChBUEe In lengUi arthe gauge wire due to dttteranMa la temlOD oftbe 
wire between th« indicator and tlie Boat, but since that length a( wire included only about oiw-hatl of tba 
length olthe gauge wire and ODe-haltof the pulleys, and the dillerence in ceosian on either aide of > givon 
poUe; wai very alight, it is believed that this [aclor may be safdy disngarded. 



OTHER EBROSa. 



Since the entire gauge was under cover, the effect of wind pressure 
on the wire was eliminated, and, because of its very slight total 
weight, the varying weight of wire on either side of the pulley system 
was obviously inappreciable. Moreover, the weight of the pointer 
produced a hardly perceptible sag in the gauge wire, and ita effect 
may also be eliminated in so far as it might have produced an appre- 
ciable error in the results. Especial care was always taken to see 
that the gauge wire moved freely, so that there wag little chance of 
£hat part which was between the float and the first pulley having 
been inclined to the vertical. 

The maimer in which the treatments were conducted leaves little 
chance for the loss or the pocketing of preservative during treatment. 

A lack of uniformity in the temperature of the preservative in the 
measurii^ tank would affect both the original readings and their cor- 
rections, but a study of such variations was not practicable at the 
time the experiments were made. 

The error due to volatilization from the measuring tanks was found 
to be inappreciable during the treatment of any given chai^. 

There is some reason to beheve that by blowing back the preserva- 
tive from the receiving to the measuring tanks by compressed air 
some air may have been entrained, especially since a certain amount 
of water was present in the preservative and the latter passed from 
the outlet of the pipe at the top of the measuring tank to the surface of 
the liquid in the tank as more or less of a spray. The difficulty of 
eliminating even a slight amount of entrained air from a liquid is well 
known, and a comparatively small amount of it would probably have 
affected the gauge readings considerably. Assuming that the amount 
of entrained air in the preservative remained the same at both the 
initial and the final gauge readings, the rate of change in volume 
of the air with change in temperature, being considerably greater than 
that of the liquids, may have produced considerable error in the gauge 
readings. On the other hand, a rise in temperature of preservative 
containing entrained air would possibly have caused the freeing of 
some portion of the air. It was found that in those treatments in which 
there seemed to be the most likelihood of air having been entrained in 
the preservative the disagreement between amount of absorption as 
determined by gauge readings and by weigliings was most marked. 

It is possible that there may have been other errors in the measure- 
ment of absorption by tank gauges which are not at this time realized. 



Omitting the error dueto change of temperature of the preservative, 
for which the correction has been applied, errors of the ma^tude 
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given below are found in float^auge determinadons under the con- 
ditions given: 

Due to change in temperature of the measuriiig tank — O- 66 

Due to change in temperature of Uie float +0. 02 

Due to change in specific gravity of the preservative as affecting the position of 

the float — O. 69 

Due to change in lempeiature of the gauge wire — O. 02 

Total determinate error —1. 25 

We thus have a determinate error of — 1.3 per cent for which a 
correction might be applied, but this is less than the precision measure 
of the result (due to the resistance of the gauge) which equals ±2,0 per 
cent. 

In addition to the calculated errors, there may be confiiderable 
variation due to lack of uniformity in the temperature of the meas- 
uring tank at any given time, the presence of entrained air in the 
preservative, or other causes as yet undiscovered. 

ANAI,TSES OF PBESBB.TATIVBS. 

CREOSOTE. 

The creosote used in the treatments described in this bulletin -was 
taken from a single tank-car shipment. One sample was taken from 
the storage tank before any of the treatments were made; another 
sample was taken after the completion of the first two processes 
using creosote, in order to detect any change that might have taken 
place in the composition of the creosote as its volume was diminished 
by use. For comparison a sample was taken also from the storage 
tank. The first sample was analyzed by the Forest Service labors- 
tory method; the two other samples were analyzed by the Forest 
Service field method. 

The results of these analyses are as follows: 



8AMFI-B OF CKB080TB TAKEN FBOM STORAOE TANK BErOBE TBBATUBNTS WERE BBQUM 

Date of analytde, December 12, 1910. 

Spedfle gravity at 60=" C. (by picnometer), 1.0483, 

ViBcodty (by Sngler viecoeimetcr): 

At98°C 1.13 

At 76=0 1,23 

AtSS^C 1.34 

At24''C 2. 03 ■ 

AtrC 3.24 

Flaah point, 93' C. 

Burning point, 100° C. 

Chaxacter, liquid. 
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ASBK PROM STOSllOG T&NK AFTER COHFLETIOK OF FIRST T 
CkSOSOTB PROCESSES (8AMPLK B). 

Date of amtlyme, Ha,y 9, 1911. 

Specific gravity at 60' C. (by hydrometer), 1.044. 

Ch&ract«ir, liquid. 



Table 9.— DiB()7(atioii record of crmtoU 


njLk). 


{Foreet Servke field method,, iviih 
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Date of ftnalysiH, May 9, 1911. 

Specific gmvity at 60° 0. (by hydrometer), 1.055. 

Character, liquid. 
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In order to compare more readily the dlstUIation of the three 
samples of creosote the curves have been plotted ui figure 24. Bear- 
ing in mind that samples B and C were distilled in a common flask and 
that sample A was distilled in a Hempel flask, these cm^es indicate 
that there was little difference between the two samples taken from 
the storf^e tank at different times. On the other hand there ia a 
fairly constant variation between the second sample from the 
storage tank and that from the measuring tank. Since the oil 
in the measuring tank had not been changed except by addition 




Fki. S4.— Coinpsrtwm at dEstUlatlon curvM tor three Bampleii ol creosote; A, taken fnni storaee tank before 
tK^nnliiEDKreBtment; B, taken tromet^traee tank during progress oltneCmeDt; C, token Iiom mecteui- 
Ing tank at same time B was token tram storage tank. 

of amounts equivalent to the oil consumed during treatment, and 
the oil in the storage tank was much less subject to volatilization 
than that employed during the treatments, it appears probable that 
this difference is due to the partial loss of the naphthalenes. This 
supposition is borno out by a comparison of the specific gravities of the 
three samples — 1.055 in the case of the sample taken from the meas- 
uring tank, and 1,048 and 1.044, respectively, in the case of the two 
samples from the storage tank. 

ZINC CHLOBID. 

The zinc chlorid used in the treatment of the ties was obtained under 
the following specifications: 
The fuaed zinc chlorid must contain at least 94 per cent of waler-soluble chlorid of 

zinc, and it must be elightly basic; that is, contain no free acids. It should be practi- 



rally free from soluble iroa, and in no case will it have more {lian 0,022 per cent of 
this element. It ahall not contain more than one-half of 1 per cent of other inotganic 
impurities iuBoluble in hydrochloric acid. 

A sufficient analysis was made to ascartain that the preservative 
used fully complied with the epecifications. 

GAS-HOUSE OIL.' 

A sample of the semirefined oil with paraffin base, commonly 
known as "gas-house oil," was taken Just previous to its use in the 
treatments. The analysis was made by the regular Forest Service 
field method for analyzing creosote with the following result: 

Date of analyde, May 12, 1911. 

Specific gravity at 60° 0. (by hydrometer), 0.837. 

Flash point, -105° C. 

Burning point, —126° C. 

Character, dark liquid. 

Table 11. — Digtillalion record of "gia-hoitMoil." 







DIMUIttta. 




atuig. 


ObssTTsd 


Cumulti- 




■c. 

i 
1 

305 


6.0 
2.0 

iS 

S.5 
8.0 

e.s 

S.8 


Per ami. 




























































loao 









KEHABKa.— All o[ tha Iractlons 



impeiBtme, and Uie reddue it 



0EBO80TB-7,INC-CHLORID EMULSIONS. 

At the beginning of the treatments by the Card process the ques- 
tions arose as to how best to detect any change in the emulsion used 
in this process caused by the ties taking up the two constituents in a 
different proportion from that in which they were present in the 
emulsion. Tias question resolved itself into two parts: (1) the 
proper sampling of the emulsion, and (2) accurate measuremeot of 
the volumes of the two constituents in the samples. 

Samples of emulsion were first taken from the top, bottom, and 
side of the treating cylinder by means of pipes which did not extend 
beyond the inner surface of the shell. These differed so much from 



I xhb la a crude petrokwn Irom which tha Ufhlai poitloiu bav« b««o r«moT«(t, 
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each other and from the sample taken from the measuring tank at 
the same time that it was evident that they were not true samples. 
A pipe was then placed in the rear end of the cylinder and extended 
2 feet into the interior, as shown in figure 25. Samples were taken 
nearly simultaneously from this pipe and from the measuring tank. 
Care was taken to let the emulsion flow long enough to be certain 
that the sampling pipe had been entirely emptied of stagnant fluid 
before the sample from 
the cylinder was drawn 
off. A true sample of 
the emulsion could not 
be obtained from the 
cylinder until the cen- 
trifugal pump had been 
in operation for some 
time. 

The method finally 
adopted for determin- 
ing the proportions of 
zinc - clilorid solution 
and creosote in the 
samples of emulsion 
was that of separating 
the water from the cre- 
osote by distillation. 
Water-saturated xylol 
was added to the emul- 
sion to assist in the 
separation.' 

It was found that the 
proportion of zinc- 
chlorid solution in the 
emulsion was less than 
80 per cent at the end 

Fla. ai.-I)evice used tor sampUng oreoaow-ilnc-ihlorid emul^ODS of a treatment of either 
In Card proOMB. 

the red-oak or hard- 
maple ties, although the |jroportion was brought up to 80 per cent 
at the beginning of each treatment. The proportions in both cases 
are based on volume at approximately 70° F. The amount of tbfl 
decrease of the zinc-chlorid solution was not the same in different 
cylinder charges, but varied considerably. 
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Table IS.— Summary of retull* of tie trealmenU for each rylindet cAoC^^-^ntinued, 
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PRESERVATIVE TREATMENT OP CROSSTIES. 
E \3.— Summon/ of retulU of Ut treatmentt /or each cylinder eAarje— -Continued. 

GAS-HOUSX OIL— RED OAK. 
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Table H.^Amount o/nnc rhloriil in th« tiet o/avattpe abaorpfwn. 
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TABI.B 14. — ATOtmnt of zinc ddorid in the tie* of average abswptioa — Continued.. 
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Tablb 16.— I>a(a on tlie average teauming ajler treatment of each cylinder charge of ties. 
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Tablb 15. — Data on average utaoning after Irealment ofeadt cylinder diarge ofliei — Coatd. 
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Table 15. — Data on average ieat<mi7tga/t^ treatment of each q/linder charge of tu*—Contd- 
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